





““Char-Mo” 





, ChOLCE of the Specialist 


ANOTHER large, modern, commercial heat treat- 
ing plant, specializing in the hardening of high 
speed tool steels, after thorough investigation has 
selected Surface Combustion Char-Mo Furnaces. 
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HUNDREDS of other plants doing similar 
treating have also accepted Char& 
Furnaces as the standard for the preven 
of scaling and decarburization. 


Bulletin AG-43— ‘Design Features of Standard } 


Atmosphere Furnaces’ includes complete descri; 
of Char-Mo Furnaces. 
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SURFACE COMBUSTION + TOLEDO 1, OHIO 


Standard and Special Industrial Furnace Equipment for © 
Forging, Normalizing, Annealing, Hardening, Drawing 
Carburizing, Nitriding and Heating. Special Atmosphere 


Generators. Write for bulletins. 
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Ryerson stocks of Allegheny 
Stainless Steel include sheets, 
plates, bars, angles, tubing and 
pipe in a wide range of types, 
finishes and sizes. Facilities for 
cutting and otherwise prepar- 
ing this stainless steel for your 
requirements are unsurpassed. 
All stocks and shipments are 
carefully protected against sur- 
face damage. 

Allegheny was the first stain- 
less steel made on a production 
basis. Experience gives it the 
highest rating for uniform high 


quality and workability. 

Stainless steel stocks at Ryer- 
son Plants have been greatly 
increased and quick shipment 
is assured. Service from each 
Ryerson Plant is supplemented 
by service from the other ten. 

Technical bulletins on any 
type of Allegheny Stainless are 
available. Expert counsel from 
Ryerson engineers and metal- 
lurgists onany problem ofstain- 
less steel selection or fabrica- 
tion is yours on request. Write 
your nearest plant. 
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Have you a Ryerson Stock List?—includes more 
than 10,000 kinds, shapes and sizes of steel. 


RYERSON STEEL 


JOSEPH T. RYERSON & SON, INC. Steel-Service Plants at: Chicago, Milwaukee, St. Louis, Detroit, 
Boston, Cleveland, Cincinnati, Philadelphia, Buffalo, Jersey City, Pittsburgh. 


Bors + Shapes - Plates + Sheets + Tubing + Structurals 
Carbon and Alloy Steels ° Tool Steel Allegheny Stainless 
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HE PRESENT STATUS 





Ff ELECTROPOLISHING 





Dt . acvmsponsmene is an 

blished commercial process, and is solving a 
ely of production problems. It is not a cure- 
as some of its proponents have claimed, but 
her is it a mere laboratory curiosity. Its 
vth as a production tool has taken place dur- 
the last six years while its patent status has 

in controversy. This legal situation has now 

clarified. 

There are, of course, several different electro- 
shing processes* which include such solutions 
mixtures of perchloric and acetic acids; of 
phuric and citric acids; of phosphoric acids 

certain alcohols; of phosphoric acid and 
erine; of sulphuric and hydrofluoric acids; 

of sulphuric and phosphoric acids. So far 
is known, the latter solutions, developed by 
y and Faust and their associates and covered 
atents owned by Battelle Development Corp., 
e received more extensive commercial investi- 
on than any others and the remarks herein 
therefore confined to experience with them. 

Outline of the Process— The product to be 
shed is racked individually and made the 
de in a bath of proper composition, and direct 
rent is applied in such a way as to “de-plate” 
irticle. This removes the surface layers of 
more rapidly from the tiny protruberances 
any surface and thus tends to exert a smooth- 
action on the surface of the metal. It will 
“Electrolytic polishing of metallographic sam- 
was described as long ago as 1935; Messrs. 
sier, Markus and Mehl summarized the pub- 


ed data on solutions and technique in a Metal 
gress Data Sheet, published in January 1940 and 


vlished frequently since. 









By John S. Crout 
Assistant to the Director 
Battelle Memorial Institute 
Columbus, Ohio 





produce a surface ranging from bright luster to 
mirror-like, depending upon the original condi- 
tion and the treatment given the metal part. 

Following this “polishing” operation, the 
product need only be washed and dried. 

The operating conditions used in the process 
are generally comparable to those employed in 
chromium plating, they are non-critical, and these 
conditions and the baths themselves are con- 
trolled simply. Current densities may range from 
100 to 500 amp./sq.ft., with 200 to 250 as a gen- 
eral average. Temperatures may vary from 115 
to 250° F. with most operations conducted between 
125 and 140° F. The voltages are between 2 and 
18, with most applications using 6 to 8 volts. 
Time of treatment may be from 1 to 40 min., 
with the majority of products requiring only 10 
to 20. 

The baths have better than average “throw- 
ing power”, compared to common electroplating 
solutions, and special conforming cathodes are 
required for none but a relatively few complex 
shapes. Bath maintenance and control have been 
simplified to the point where specific gravity 
measurement is usually sufficient. Very little 
fuming occurs during operations and the indus- 
trial hazard is less than with chromium plating. 

The equipment consists of lead-lined steel 
tanks. Racks have excellent life because they 
can be readily protected with standard stop-olf 
treatments. 

The Battelle process was originally developed 
as a means of producing a bright decorative 
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surface on the chromium-nickel stainless steels. 
Through continuous research, it is now applicable 
to both the chromium-nickel and the straight 
chromium stainless steels and to carbon and 
alloy steels, aluminum, zinc, copper, nickel, and 
many of their alloys. 

In addition to providing a bright decorative 
surface on these metals, it has been shown that 
the process may be used for de-burring, for 
removing scale, for polishing intricate shapes 
which cannot be reached with mechanical equip- 
ment, for preparing base metals prior to plating 
or enameling in order to secure improved adher- 
ence, for smoothing parts to reduce skin friction, 
and for reducing slightly oversized parts to pre- 
cise weight by uniform removal of metal from 
the entire surface. New applications are being 
discovered and this list may well be expanded in 
another year. 

In determining the value of the process for 
these purposes, a variety of products from a num- 
ber of different companies have been studied. 
These have included automobile bumpers, hub 
‘aps, radiator caps, horn buttons, windshield 
wipers, insignia, gears, hardware and dash 
panels; watch springs, pivots, cases, and gears; 
refrigerator hardware, trays, and shelves; surgi- 
‘al and dental instruments; aircraft and automo- 
bile engine spark plugs, piston rings, and valves; 
cutlery, tableware, vacuum bottles, electric irons, 
wallle irons, toasters, and various kitchen uten- 
sils; saws, files, drills, reamers, bits, wrenches, 
pliers, cutters, and similar tools; a variety of air- 
craft parts; metal milk containers; tubing; wire; 
needles; household and cabinet hardware; cos- 
tume jewelry, watch bracelets, belt buckles, and 
luggage hardware; telephone parts; dies and 
molds; pipe fittings, bathroom hardware, and 
plumbing fixtures; instrument and meter parts; 
screws; printing and engraving plates; musical 
instruments; chemical apparatus and machinery; 
metal office and home furniture. 


Some Findings and Limitations 


As a result of this work on the process, one 
fact is outstanding, and that is that few general- 
izations can be stated. Each application requires 
individual study and each installation must be 
custom-built. The variations between products 
—and even between the practices of different 
manufacturers of the same product — make this 
conclusion inevilable. Conditions which make 
the process technically and economically desir- 
able in one plant make it entirely unacceptable 
in others. A few typical cases will illustrate the 
difficulty in generalizing: 


Stainless steel castings obviously have r 
uneven surfaces. As cast, they have a dull, , 
tractive appearance. They cannot be brighj 
by any mechanical means which will reach ¢ 
into the pits and brighten the entire sur 
Mechanical polishing to secure a smooth, }y 
surface is too costly for most applications, 
ever, such castings can be brightened readily 
electropolishing because the solution gets 
the base of the pits, cleans them out and prod 
a bright surface. As a result, electropolig 
stainless steel castings have an unusual ly 
even in the rough state, which makes them y 
attractive than unpolished castings and | 
enhances their sales value. 

However, this ability to brighten the bot 
of deep pits, scratches and tool marks someti 
reacts against the process. For example, m 
die marks and even correct depressions 
emphasized. Certain watch cases could not 
electropolished because of the die marks sta 
ing the manufacturer’s name, nor could y 
which showed severe die marks. When eithe 
these was first mechanically polished to smoo 
the irregularity, an improved finish resulted v 
electropolishing was employed as a final } 
However, neither product could stand the expe 
of the dual treatment. 

It is this tendency of electropolishing 
attack the base of pits, cuts, and such depressi 


which makes the process more suitable % 


finishing, rather than as a roughing operat 
Yet there are two definite exceptions to this 
eral statement: 

Stainless steel sheets, as well as certain ¢ 
bon steels, contain impurities which show y 
slag stringers or pits. When such a plane sur! 
is mechanically polished, the metal is pet 
down or flowed over these defects and effecti 
conceals them. When this surface is then ¢ 
tropolished, the thin surface layers are rem 
and the defects re-emerge. This condition | 


not exist in steel free from these defects, | 


such steel is not always procurable — or ¢ 


desirable. Such was the case with an eng! 


of stock certificates, bank notes, and bonds ' 


sought to eliminate hand burnishing of his p! 


by electropolishing, but refused to change! 


grade of steel to make that possible. Yel 


proof of this possibility is found in the expq 


ence of two molders of plastics who elimin 
the fine grinding marks on their dies by §!' 
them a final electropolish. 


The second exception to the rule that elec" 
polishing is primarily a finishing operation 
illustrated in the manufacture of watch brace 
The standard pry 


and certain kitchen utensils. 
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. the watch bracelets was to tumble them, 


in, then wheel polish, and finally wheel 
m. Electropolishing eliminated tumbling, 
and wheel polishing, but a wheel buff 
electropolish improved the “color”. The 


c 


y operations, however, had been removed by 
ropolishing and the dual process is econom- 


attractive. 


The kitchen utensil mentioned has a semi- 
rical shape and is of a size which makes 


the limitations of the process and they demon- 
strate that in some instances combinations ol 
electropolishing and mechanical polishing may 
be better than either alone. It can also be stated 
that the process is not now commercially appli- 
cable to heavily leaded brass, to cast iron, or to 
zinc or aluminum die castings; certain steel alloys 
also give trouble. 

A Utilitarian Application — Most of the appli- 
cations of electropolishing are to better the sur- 
face, either to the edge, or 
to smooth it for some tech- 








ee 


SS 


es 





nical purpose. An inci- 
dental application is as a 
metallurgical inspection 
tool on austenitic stain- 
Certain heat 
intentional or 


less steels. 
treatments, 
accidental, put them in a 
structural condition in 
which they are susceptible 
to certain chemical corrod- 
ents. If such metal is 
subjected to a controlled 
electropolishing operation 
which gives a mirror sur- 
face on stabilized stainless 
(whose corrosion resisting 
properties have not been 
a visibly peb- 
result. 


impaired ) 
bled 
By electropolishing a small 


surface will 
spot on a suspected piece 
of stainless, the absence or 


presence of the undesired 





Examples of Uniformity of Electropolish 


on Irregular Surfaces 


condition is readily 


revealed. A portable gadget 
do 


allows a workman to 





el polishing and 
rior. 
iob and results 


was found that an almost mirror-like surface 


Hence, a hand machine was used 


buffing impractical on the 
for 


were not too satisfactory. 


ld be produced on both the exterior and the 


rior by electropolishing, but the amount of 


had to 
error, 


al which 


trial and 


be removed was excessive. 


it was found that electro- 


ishing could be used as an initial operation to 
mg the surfaces to a bright finish, but mechan- 


buffing would be 


employed as the final step. 


Ss combination of electropolishing and mechan- 


polishing produc 
of the mechanical polishing 


ut about 80% 
usly required. 


ed an improved finish and 


(hese illustrations have been cited to show 


ential application. 


studies 


are necessary in each 


They also show some of 


this “spot-testing” quickly 
and conveniently in the final inspection before 


shipment. 


Advantages of the Process 


The advantages of the process are numerous 
and can be described with typical cases. 

Decorative Finishing: The rating of decora- 
tive finishes is not subject to quantitative evalua- 
tion, but is purely a matter of personal opinion 
with decisions in the hands of people who must 
pass Such have 
given their unqualified approval to electropolished 
finishes on nickel plated irons, toasters, percola- 


upon sales value. authorities 


tors, and domestic equipment, and on costume 
jewelry. These are products on which final finish 
is of utmost importance, because they are viewed 
at close range where minor defects become promi- 


February, 1945; Page 261 








nent. Electropolished finishes 
have a superior rating because 
of the “color” resulting from 
a complete absence of wheel 
marks. 

Such superior results 
may frequently be achieved 
by plating nickel directly on 
unpolished steel and confin- 
ing the electropolishing 
entirely to the nickel overlay 

economical production, in 
addition to improved appear- 
ance. 

Recently an entirely new 
finish has aroused consider- 
able interest. By means of an 
abrasive action like shot 
blasting, a pebbly finish is 
given the surface. This is 
then electropolished to a 
bright luster, resulting in a 
finish varying between the 
“butler” finish found on sil- 
verware and a bright, sparkle 
finish. It has the distinct 
advantage of hiding finger 
marks and scratches, and 
requiring much less frequent 
polishing in the home. It is 
by far the cheapest finish 
which can be applied because 
no preliminary wheel work 
need be done. 

A two-tone effect with 
various designs can be given 
by protecting certain areas 
during the abrasive operation 


The throwing power of the s sluid 
is such that the interior threaj 
female fittings can be cleaned 
out the use of special confor 
cathodes. 

Where large burrs exist, } 
ever, their removal involves an e 
sive loss of metal from the 
areas. This sometimes reduces 
dimensions below permissible | 
ances; in other cases, it is too ¢ 
in chemicals for the baths. T 
objections can be overcome by 
use of stop-offs on the smooth ar 
but this, of course, adds ano 
manual operation. 

De-scaling: With most produ 
de-scaling can be done more che: 
by other methods. There are g 
instances, however, where elec 
polishing has a place. For exam 
certain silicon steel parts wh 
require a smooth, bright finish 
been de-scaled and brightened ij 
two-step electropolishing proc 
with two solutions. In anotl 
instance a single bath was enti 
adequate to remove a heavy s 
from some stainless steel aire 
parts. 

Its most economic  utilizal 
occurs when de-scaling is combi 





Another Example of Uniformity 
Electropolish on an Irregular Surie 
—a Formed Strip Placed Vertically 
Left of a Cupola-Charge Sched 





and then electropolishing the 
entire piece. The abrasive- 
treated areas will have the non-reflective matte 
finish, while the plane areas can be polished to a 
mirror-like surface. 

De-burring: When electropolishing is used 
solely as a de-burring operation, it has no par- 
ticular technical advantages. It can then be used 
only where it is cheaper. When the de-burring 
operation can be combined with the finishing 


operation, the advantages are obvious. This can 
be done on certain aircraft parts, gears, tools, 
and fittings. Experimental work indicates that 
it may also be applicable to stamped products 
such as spoons, forks, knives, and other ware. 


In practically all cases, the success of a 
de-burring operation is dependent upon the size 
of the burrs. Small burrs can be removed read- 
ily, and smooth, rounded edges are produced. 


1 bright finishing as a single treatment. T! 
is some evidence that de-burring may als 
included in this single step. However such a‘ 
bination of treatments is able to remove no 0 
than a relatively light scale. 

Electropolishing of Complex Shapes: Elec! 
polishing is without competition in its ability 
polish complex shapes, the surfaces of which 
almost inaccessible to a wheel. Such products 
gears, welded aircraft hoods, band instrumey 
costume jewelry, canteens, milk cans, ther! 
bottles, drills, tubing, can be polished in ! 
innermost recesses with as satisfactory a fi 
as can be produced on any readily accessible 
The depressions and cavities of a normal fr 
design, stamped or rolled, such as designs 
tableware, watch bracelets, jewelry, decora 
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uti ind flashing, are emphasized to a degree 
ad to duplicate otherwise. 

ial cathodes depend upon the shape of 
. juct and dimensional tolerances. The 


the solutions is sufficient to 
specially 


power of 

me cavities with flat cathodes; 

e cathodes are readily made from lead and 
used over and over again. 

8 nproved Adherence of Plate and Enamel: 

plated and enameled finishes must have 


juate adherence to the basis metal. In the 


Th basis metals have generally been prepared 
) ating or enameling by mechanical polishing. 


f 


juent failures of the finish have frequently 
, charged to an inferior bond between the 
s metal and the plate or enamel. 


lu While this assumption may frequently have 


When a plated 


or an enameled finish is deposited on this surface, 


and exposes the true metal itself. 


no weakened surface layers exist within the base 
and, consequently, failures are less likely. 
This value of electropolishing has been dem- 
onstrated in such applications as chromium 
drills and similar 


ur- 


plated piston rings, dies, bits, 
tools, as well as enameled kitchen utensils. 
ther applications are being considered. 
Machining: 
value as a machine tool! 
small, but critical part in 
to be produced to exact dimensions with very 


Electropolishing may attain some 
In one instance, a very 
a military device had 
close weight tolerances. It was shown that excel- 
lent results could be secured with electropolishing 
because metal was removed uniformly by closely 
controlling the time. 
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Electropolished Sheet, Stood on Edge 
Technical Magazine, Reflect the Cover Designs 


Behind Copies of Your Favorite 
Almost Like a Mirror 





orrect, there is ample reason to believe that 
not been correct in all cases. Recent work 
several investigators has shown that the hard- 
‘d surface, due to mechanical working, weak- 
the bond between these hardened layers and 
Subse- 


ent stresses on the plate or the enamel further 


inderlying normal basis metal itself. 


en this bond and failure results. In such 

‘, this failure occurs in the bond between the 
metal and its weakened surface layers and 
1 the bond between the surface layers and 
ite or the enamel. 

“lectropolishing of the basis metal prior to 
g or enameling removes all surface layers 
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In another case, certain steel and brass 
screws had to be made to tolerances beyond those 
of a screw machine. Here again it was demon 
strated that electropolishing could produce the 
desired results. 

rather large 


In another part used on aircraft, 


control weight was an essential factor. Elec 
tropolishing proved to be an excellent means of 
achieving the desired result. 

Other 


polishing are now being studied. 


“machining” applications of electro 
- | 


One such appli 
cation relates to improving the micro-inch finish 


on smooth surfaces. Promising results have been 


obtained along these lines on some _ stainless 
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steels, on high carbon steels, and on the car- 
burized surfaces of low carbon steels. Mechan- 
ically buffed surfaces having a 50 to 60 micro-inch 
finish have been brought down to 40 to 50 micro- 
inches, while surfaces with a 5 to 7 micro-inch 
finish have been improved to 3 to 4 micro-inches. 
In steels where the electropolishing exposes inher- 
ent pits and inclusions, the micro-inch finish has 
not been improved. 

This tendency to improve smoothness is 
being explored in an effort to reduce the skin 
friction on parts through which large volumes of 
gases move at high velocities. No specific con- 
clusions can be drawn from the work to date, but 
preliminary results are promising. 

A third study under investigation relates to 
the shaping of gears by means of electropolishing. 
Inasmuch as the process can remove metal at 
rates between 0.0001 and 0.0005 in. per min., it is 
obviously rapid enough. The question is whether 
or not metal can be removed under control so as 
to maintain the required pitch. This application, 
of course, will necessitate specially designed elec- 
trodes. If successful it will materially aid pro- 
duction as it will shape and finish the product in 
a single operation, leaving the surface with a fine 
micro-inch finish, free from burrs and other 
defects which cause stress concentrations. 


Economics 


However interesting electropolishing may be 
to the technical man, its true value is dependent 
upon its cost. 

From the variety of applications recited, it 
is evident that no generalities can be drawn. The 
direct elements of cost include the chemical solu- 
tions, power, fixed charges on the equipment, and 
labor. 

In the Battelle process, four different basic 
solutions are employed, the choice being based 
upon the metal to be polished. All of these solu- 
tions are comparatively inexpensive as their pri- 
mary components are sulphuric, phosphoric, and 
chromic acids. 

Life of such a solution is, of course, one ele- 
ment of cost to be considered. Some of the 
Battelle baths have finite lives dependent upon 
saturating the bath with metal, and this, in turn, 
is fixed by the amount of metal removed from the 
products treated. The other baths have prac- 
tically infinite lives; losses depend upon drag-out 
balanced by make-up. The baths used for polish- 
ing copper and nickel precipitate these metals in 
a usable form, thus creating a credit. Because 
of these variables, no generalizations on solution 
cost are warranted. 


This is equally true of power costs. Cy 
densities and voltages vary, as does time of » 
ment, and these, of course, determine power 
sumption. 

In the vast majority of cases studied, 
and power costs have been negligible parts 
total polishing expense. The major item of 
has been labor, and this has varied w 
depending on the product being polished. 
piece requires a firm electrical contact, and 
necessitates individual racking. Where the sh 
permit the use of a simple rack, this work ca 
handled by inexpensive help; where large, ; 
plex shapes are polished a responsible, ski 
operator is required. 

Equipment costs will vary depending op 
size of the pieces treated, the time required 
treatment, and the number of pieces to be tre 
per day. Complete installations for handlip 
large number of small parts can be made fy 
little as $4000. From this, first cost may m 
up to several times as much where com 
automatic equipment is used. 

Costs per square foot of area polished } 
varied between 2¢ and 90¢, and have proved | 
profitable in both cases. 

The most advantageous overall costs 
secured when electropolishing can be useé 
replace several operations such as de-scali 
de-burring, tumbling, and wheel polishi 
Electropolishing costs per unit may even then 
high, but the over-all savings make the pro 
unusually attractive. 

It therefore results that only a com; 
analysis of each potential application can re 
the true value of the process. 


The Future 


Obviously, no one is competent to fore 
the ultimate future. Sufficient experience has 
been gained to reveal all of its advantages or 
of its applications as a commercial process. 

It has demonstrated that it has econo 
value and that it can compete successfully % 
other finishing methods under certain condit! 

Moreover, it is a new process. Continu 
research is being conducted to expand its us 
additional metals and alloys. Its technical # 
economic limitations are being subjected to ¢ 
stant study in order that its horizon can 
extended and that it can become a more us 
tool of the production man. 

At this time when the reconversion to civil 
production is not too far away, it is certall 
advisable to explore its worth for all finish 
problems. 
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By R. E. Rawlins 
Engineering Research Laboratories 
Lockheed Aircraft Corp. 
Burbank, Calif. 





require constant attention and since our labora- 
tory is a one-shift operation, we would not have 
an answer before 242 weeks after the equipment 
was built. While that may not seem an exhor- 
bitant time to research men who operate rotating 
beam fatigue machines for months, even years, 
our design engineers wanted an answer much 
sooner, if at all possible. The possibility, of 
course, rested in speeding up the test, and that 


brought us immediately to consider — and con- 


e of fy 
weft. TIGUE TESTS AT 
lied, 
rts of - 
“ESONANT SPEED 
d wi 
“dl. 
and 
he s 
rk eg 
rge, ¢ 
>, Sk 
is On 
uired 
e tre 
ndlip 
le fo 
ay 12 
comp 
led Our ATTENTION was drawn 
ved | 1e possibilities of resonant systems for setting 
rapidly alternating stresses when called upon 
osts »st a new type of coupling. The object was to 
useiiermine whether or not they would loosen 
“Scal er repeated reversals of a minor load. The 
‘ish@@Mplings were small and the force (200 lb.) to 
then pplied was also small, but we had no equip- 
proc t available that could do the job. So the first 
g to do was to devise a piece of test equip- 
omp t something of an old story in an aircraft struct 


n ret ineering laboratory. 
Among the methods considered was the use 
weights and a cam-operated beam, or an 
ptation of the more-or-less standard type of 
or-driven endurance testing machines. It has 


fore m customary to perform many tests of this 
has ire by using a mechanical system, excited by 
S oF tating unbalance driven by a constant speed 
3S. or. With this system it is impossible to con- 
onot ously control the load applied to a specimen 
ly “Mer operating conditions. The load not only 
diti not be varied at the will of the operator, but 
tinu extremely sensitive to small changes in the 
use hanical system when that system is speeded 
ral 4 especially when operating near a mechanical 
to ¢ nance, 
ran Study of our problem indicated that a cam- 
use rated beam, which could be simply con- 
. cted, should not run much faster than one 
vivil le per second, and the test run specified as 
rtaill 00 cycles would have required 140 hr. of 
ish ning time for the six specimens to be tested. 


‘e such equipment is of such a nature as to 


a resonant system. 

Essentially, the resonant repeated-loading 
unit we developed and shown in Fig. 1 consists 
of two massive fly-wheels connected by a “coup- 
ling spring”. The specimen is mounted at the 
middle of the “spring”, and forms a part of it. 
A resonant mechanical system is used. Its 
advantage is in the fact that the rate of applica- 
tion of the load is known and is the same for 
every cycle. Such a mechanical system, used in 
conjunction with the electronically controlled 
vibration motor (Fig. 2), becomes a precise and 
flexible tool for both structural tests and for the 
determination of certain properties of materials. 
It can be adjusted for any one of a large number 
of loading cycles per unit time, and its uniform 
loading is entirely independent of minor changes 
in the mechanical system. 

It will be observed that the masses are slung 
from a supporting frame in such a way that they 
may swing like a pendulum, toward and away 
from each other. Now when the system is con- 
sidered as a free body, the connecting spring is 
placed in tension when the masses are moved 
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apart, and the tensile forces are uniform through- 
out the spring length. The spring may be cut at 
any point and a sample inserted. Actually, the 
test specimen is made a part of the spring, or 
“compliance”, of the system. Then, if a small 
oscillatory driving force is applied at the resonant 
frequency of the spring-mass system, and suffi- 
cient energy supplied to provide the energy loss 
due to damping in the system, the spring-mass 
system can develop forces of tension and com- 
pression in the sample of the order of 100 or 
more times the applied driving force. The peak 
force at resonance is directly proportional to the 
magnitude of the driving force and is controlled 
by adjusting the amplifier output. 

Mass and spring values can be adjusted to 





Fig. 1— General View of Lockheed Fatigue 
Testing Machine Showing the Two Cylindrical 
Masses (and Power Unit at Far End) Slung 
From Overhead Supports, Cylindrical “Spring” 
Consisting of Concentric Tubes at the Axis, and 
Test Piece Held in Chucks Attached to “Spring” 





give the desired resonant frequency ranges, 


is accomplished by using concentric tubes log 


axially as springs, and by using masses buil 
of steel disks. 

In order to obtain sufficient spring a¢ 
(compliance) in a small space, the outer t 
(18 in. long projecting through the center of 
disks) are connected to the inner face of 
respective masses, and each is terminated 4 
outer end in The longer inner tub 
fixed to this plug and extends beyond the y 


a plug. 


and ends in a 
the test sample. As shown in Fig. 3, this proy 
easy attachment to a wide variety of round 


%4-in. Jacobs chuck for grag 


ples. (Correction for the mass of the chuck 
unnecessary when testing stiff samples; how 
the inertia forces due to the motion of the chy 
would have to be subtracted from the measy 
load force to give true loadings of compli 
samples.) 

Driving force is supplied by an electro 
netic vibration motor (Fig. 2) driven from 
oscillator and power amplifier. The magnit 
of the driving force is readily controlled by 
gain adjustment of the power amplifier. 
‘self-excited”, and the amplil 


‘ 


system can be 
control can be made automatic. 

At the frequencies used, the momenta 
the maximum tensile (or compressive) for 
the same at any position throughout the le 
of the tubes. The magnitude of the force ap; 
to the test specimen is therefore readily m 
ured by strain gages placed on the surface ol 
tube. 
on the outer surface of the inner tubes for 
they are of ' 


In our present unit, the gages are p! 


tection and electrical shielding; 
whose calibrated resistance varies with its 
sion (see “New Pathways in Engineering’ 
Alfred V. de Forest, Metal Progress, May 

page 719). The gage circuit is connected | 
amplifier and voltmeter to provide an indica’ 
of the load. Each mass and spring unit is‘ 
ically calibrated and a conversion factor maj 
adjusted so that, for a particular sample, a 
scale voltmeter reading on the strain gage cl 
indicates the desired peak loading of stress 1! 
sample under test. 

An outstanding factor of this metho 
testing is that upon incipient failure of a san 
the “spring constant of the specimen” Cits § 
ness) changes and throws the system ol! 
nance by reducing the resonant frequé 
Therefore, an appreciable and continuing r 
tion in resonant frequency or load on the sf 
men, as indicated by suitable instruments, 
warning of impending failure or destruc! io! 
the sample. This is a matter of great importa 
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Fig. 2— A Power Unit and Gimbal Mount for 
Fatigue Testing at Resonant Frequencies. It is 
essentially an electromagnetic vibration motor; cur- 
rent comes from an oscillator and power amplifier 





more accurate data than have been avail- 


able in the past. No small advantage is the fact 


neer 


that none of the forces involved are taken out in 
an external structure. Loads of 50,000 lb. or more 
may be applied without the noise and vibration 
which would accompany such mechanical testing. 
Because the equipment can be made self-attend- 
ing it is possible for one operator to control 
Furthermore, the vibration 
motors, associated equipment, and the technique 


several machines. 
are readily adaptable to standard test pieces. 

The resonant repeated-load unit has proven 
its initial that 
building larger components of the same type, and 
of a torsional unit of similar nature. 


so successful in service we are 


*EpiTor’s NoTe Investigators at Westinghouse 











gnit 
by Research Laboratories in East Pittsburgh have util- 
ized the principles described by Mr. Rawlins for 
a testing turbine blade material at high temperature. 
iplit Owing to the rapidity with which impulses are 
received during the operation of a steam or gas 
tar turbine, turbine blades and stator vanes must have 
fore we want to see the specimen after the first a useful life of several hundred million or even 
let crack appears, not after its complete failure. several billion cycles. By ordinary means it takes 
apy The present equipment is nected euer a Wide years to stress a sample a quarter of a billion times. 
, The Westinghouse machine operates on a_ system 
me uency range. At 100 cycles per sec. a total resonating at 120 cycles per sec., and is powered by 
> Ol million cycles is clocked up in slightly under two stator coils connected to a two-phase 60-cycle 
pl . Each cycle consists of a compression and line. A carefully designed furnace, compensating 
or | ion loading.* for heat lost through the specimen clamps, com 
of 1 Probably the greatest single advantage is that pletely encloses the sample, and maintains it steadily 
3 3 at the desired temperature. Being hidden from 
ts system is operated at the exact frequency at observation, the fact that the specimen itself can 
ng ch the mechanical system happens to reso- register its first sign of failure is of utmost impor- 
y | », Whereas in the past it has been necessary tance. Tests at 1500° F., run a billion cycles, are 
lt arefully and laboriously tune the mechanical completely automatic and take about 100 days. S 
ical em to the resonant fre- 
is § ney desired. In addition, the 
nal lied force is under constant 
a complete control; in former 
cll ipment control of the force 
in olten been inconvenient. 
This technique saves both 
104 ating and set-up time in 
all ition to providing the engi- 
g § 
uel = = a 7" 
EY ¢. 3—Bird’s-Eye View of 
* vlindrical Test Specimen, 
“I n Integral Part of the Inner 
® ‘ube Portion of the “Coup- 
100 ng Spring” by Jacobs Chucks 
tal 
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1 

Tens NOW AND THEN, 
some person who thinks he indulges in original 

) thinking repeats the observation that people often 
grow into a mold that is patterned by the nature 
of their work. Thus, after a certain formative 
period, such specialists as butlers, biographers, 
ball-players, bartenders, and metallurgists tend 

Sto conform, outwardly and inwardly, to the nar- 

» rowing influences of their respective professions. 

) Take metallurgy, for example: All ASMembers 
know how metallurgy affects a man. He becomes 
parochial, single-minded, and as uncompromising 
as the metals he pushes around. Moreover, he 

B comes in time to look like a metallurgist —a 

» subtle mutation the uninitiated cannot sense, for 

| the profession is too young to have developed a 

) distinctive physiognomy. 

However, like all generalities, the foregoing 
is fraught with exceptions. 

j High up on any list of these exceptions comes 
the strange case of Dr. Kent Robertson Van Horn, 
assistant manager of the Cleveland Research 

| Division, Aluminum Co. of America, and cur- 
rently president of the American Society for 
Metals, who, though indubitably a metallurgist, 
has yet to take his final metallic vows and retire 
into his aluminum tower. For in addition to 

| being learned in metals, the doctor is a Man of 
| Parts, as his superiors in the Aluminum com- 

: pany — who thought at first that they had merely 
hired a research metallurgist —have come to 

. find out. 

. There are several things about Van Horn 

— strike you. One is a keen aggressiveness 

i that might be irksome in another, but in Van 

| Horn manifests itself effortlessly and is combined 

} with a disarming friendly nature. The effect is 

)tefreshing. Another is his organizing ability. 

|} He is not only well-organized himself, but also 

) has the knack of tactfully and effectively organiz- 

ing others, when the occasion demands. Finally, 

you cannot help but be impressed by his complete 
identification with the city of Cleveland, where 
he was born and where he would hate to leave. 


: 





S 
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ON AN HORN 








Certainly, it is commonplace today for people to 
forsake their roots and spend their lives in a 
series of temporary stands, and this is especially 
true of engineers, the nomads of the Machine Age. 

Within the confines of the Cleveland city 
limits, however, Van Horn is what a magazine 
writer would call peripatetic, for he is constantly 
on the move, like an energized atom, from one 
civic activity to another, and has acquired a first- 
name acquaintanceship with people in most of 
the strata of Cleveland’s polyglot population, 
including the ballplayers of the Cleveland Indians 
and the musicians in the string section of the 
Cleveland Symphony. 

His gregariousness and his organizing talents 
have more than once come in handy at the spread- 
ing Cleveland plant of Alcoa. There is the case 
of the Foremen’s Club, a social organization 
which was organized in the interests of esprit de 


corps. A few years ago, the interest in this 
organization was degenerating into apathy. To 


cure this unhappy state of affairs Van Horn 
was hailed from his laboratory and asked to 
try his luck at revitalizing the Club. When it 
is considered that he was then merely a research 
metallurgist, spending a major share of his time 
on radiography, and never studied labor rela- 
tions in college nor took a degree in industrial 
psychology, he did very well indeed. He memo- 
rized the first name of each foreman in the shop, 
the state of his wife’s health, and the ages and 
accomplishments of his children, and made a 
point, when he had occasion to talk with any of 
them, to show some interest in these homely 
things, dear to everyone’s heart. He took pains, 
however, never to be obvious or over-solicitous. 
Since nearly all the men were baseball fans, and 
he and his own sons are fans of the first water, 
he showed slow-motion moving pictures at the 
club meetings depicting such mysteries as “How 
to Throw a Curve” and “How to Slide into Sec- 
ond”, and supplemented these by bringing groups 
of his major-league ballplayer friends to the meet- 


ings as guests. The latter described and demon- 























strated their specialties and — being real guys — 
fraternized with the club members at dinner, and 
everyone was proud and pleased. 

Pretty soon, with these and other things, the 
Foremen’s Club began to run under its own 
steam. It was not the sort of work that a research 
metallurgist is commonly called on to do, but this 
didn’t bother Van Horn, who says the whole 
experience was more than satisfying, bringing 
him a great many new and true friends. 

Van Horn’s eminent 





Van Horn joined the American Society { 
Steel Treating (the old name of the AS) ; 
1925 during his undergraduate days at Case, an 
with his flair for organization and leadershi 
identified himself prominently with the Cley: lan 
Chapter immediately on his return. His banne 
years there were in 1932-34, when as Chaple 
Chairman, he organized a study course calle 
“Modern Metallurgy” which was free to members 
As a result of this and other innovations, th 

membership of the chapte 
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veld 


X-ray 








father and adored mother had 
a great deal to do with both 
his choice of a profession and 
his love of Cleveland. His 
father, Professor Frank R. 
Van Horn, was head of the 
Departments of Geology and 
Mineralogy at Case School of 
Applied Science in Cleveland 
and so it was not unnatural 
that his son should enter that 
school and follow the same 
path. The elder Van Horn, 
affectionately known to gen- 
erations of Case engineers as 
“The Count’, was an ardent 
believer in exercise. He also 
functioned as Director of Ath- 
letics, and apparently he gave 
young Kent the works, for the 





doubled itself, and the chapte 
was awarded the President’ 
Bell (an honor that has sine 
been discontinued in the Soci. 
ety) for two years straight 
which was unprecedented. 
Another 1932 bell-ringing 
accomplishment was his mar- 
riage to Estelle Yost, who is — 
and let there be no question 
about this— who is a Cleve 
land girl. The Van Horns 
have two boys, and their papa 
devotes much time to develop 
ing what one gathers is thei 
already unusual athletic prow. 
ess. Aside from his family and 
the ASM, Kent and Estelle 
have two hobbies — photog. 
raphy and W hile 





usual 
bel: v 




















music. 





latter starred in football and 

held several track records. He has kept up his 
exercise ever since those days and even now, at 
the advanced age of 39, he plays a formidable 
game of tennis. 

After he graduated at Case in 1926, Van Horn 
decided to do postgraduate work in metallurgy, 
particularly in non-ferrous, and so, on the advice 
of Zay Jeffries——a former instructor in metal- 
lurgy at Case—he went to Yale’s Sheffield 
Scientific School to work under the famous and 
well-beloved Champion Herbert Mathewson. In 
1928, at the urging of Dr. Mathewson, he went to 
Germany and spent about six months at Heidel- 
berg University, where, incidentally, his father 
had taken his Ph.D. In order to learn German 
quickly, and especially the technical and col- 


loquial language, he lived with a_ professor’s 
family. After another year at Yale, during which 


he served as Sterling Research Fellow, and at the 
end of which he earned his Ph.D., he decided that 
he had been away from Cleveland long enough, so 
he came home and went to work for the Alumi- 
num Co. of America, and has been with the 
Cleveland division — which specializes in castings 
and forgings — ever since. 
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neither play any instrument, 
their interest is so great that they are among 
the founders and backers of the Cleveland 
Civic Concert Association. 

Their mutual interest in photography extends 
to the ability to make stills and movies in color, 
and the patience to spend great care and time on 
the technique and the composition of interesting 
scenes. As every one who has tried it knows, il 
is one thing to go on a vacation, see a gorgeous 
flower bed, and shoot — only to find when the 
film is developed that the most notable bloom was 
















overshadowed by a mere shrub. The Van Horn’s fj 5ma 

pictures are not like that. \-R 
Dr. Van Horn is a member of numerouw—j= 

metallurgical societies, both American and Eng- 

lish. He has been active on the executive or other B§ per 

committees of the Institute of Metals Division of B cast 





the American Institute of Mining and Metallur- 
gical Engineers continuously since 1936. He is 












now vice-president of the American Industrial B) Ac 
Radium and X-Ray Society. Naturally he is mac 
leading spirit in Case Alumni Council, and has 
been for the last ten years. Case, Cleveland, B} ¥! 





ASM, Alcoa — that’s Van Horn. 
Epwarp C. McDoweELL, Jr 
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Spotting the Focal Spot 


ACCOMPANYING PHOTOGRAPH shows a small 

spot light, originally designed for use on spot 

velding machines, attached to the tube of our 

X-ray unit. The spot is so adjusted that, at the 

usual tube-to-film distance, the light falls directly 
below the focal spot of the tube. 

rhis aids in the rapid setting of a series of 

It also 











Small Spot Light Points Location of Focal Spot of 
X-Ray Tube When Setting Up for Radiography 





permits rapid aligning of the tube for very large 
castings. The tube can easily be directed through 
an opening to X-ray intricate castings. Another 
i/vantage is that angle shots can be easily set up. 
\ccurate measurement of the tube shift can be 
made by measuring the distance the spot travels 

the surface of the casting, and this is of great 
Value when making stereographic exposures. 

LFRED C. Woot, Metallurgist, Aluminum Co. 


\(merica) 


Start Exploring Jominy Bar 
on Soft End 


H ARDNESS MEASUREMENTS on Jominy bars some- 
times will be low, at first, because the bar 
has to seat itself against the anvil. This happens 
even though care is taken to wipe off the anvil 
and the bar to be tested. If the first measure- 
ment is made at the hard end and the reading is 
erroneously low it might seriously affect the 
appraisal of the steel. This can be avoided by 
making the first measurements at the soft end ol 
the Jominy bar where, if the measurement is 
low, the hardenability estimate is not unduly 
affected. Another way is to place a thin, flat 
piece of scrap steel on top of the Jominy bar and 
make one or two preliminary hardness tests on 
it. (Gerrit DeVries, Assistant, National Bureau 
of Standards) 


Stage for Hardness Surveys 


aan CHANGES in certain ordnance specifica- 

tions for cartridge cases require many more 
hardness tests than previously. The cases have 
been divided into zones with a minimum hard- 
ness requirement for each, readings to be taken 
on the Rockwell 30-T therefore 
necessary to make periodic surveys of all critical 
This involves a complete check of the 


scale. It is 


areas. 
cross sectional area of the shell base, taking hard- 
ness readings on ~.-in. centers. 

The usual procedure is to divide the area 
‘.-in,. and the hardness 
This is a long tedious task; on some 


into measure 
of each. 
of the larger artillery cases there are as many as 
As 


least 


squares 


300 impressions on the base section alone. 
this is a routine test 
once a day, it was necessary to find a shorter 


and must be run at 


and more accurate method of locating the indi- 


vidual spots than adjusting the specimen by 
hand. To meet these demands a special anvil 


was devised to take the place of the conventional 
type used on the Rockwell machine. 

A surface plate was prepared from a piece 
of hardened toolsteel, 4 
flat to insure a solid, smooth foundation for the 
specimen. A threaded fitting was bolted to the 
underside of this plate so that it could be screwed 
onto the capstan screw of the Rockwell machine. 


loxdtex%g in., ground 
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Next we appropriated a graduated mechanical 
stage from a Bausch and Lomb model CM metal- 
lographic microscope and fastened it to the sur- 
face plate. This stage is fitted with a spring 
actuated finger for holding the specimen, an 
arrangement which allowed a controlled trans- 
verse and longitudinal movement of the specimen 
by merely turning the adjusting screws. ‘The 
accompanying photograph shows the device. 
The micrometer scales on the mechanical 
stage are graduated in millimeters; and, as 1% 











Micrometer Stage Attached to Base Plate 
of Rockwell Hardness Testing Machine, 
Showing a Section of a Brass Cartridge Case 
in Place, Ready for a Hardness Survey 





mm. is equal to approximately ,; in., the sample 
is merely moved 1% divisions on the scale after 
each impression. By moving the specimen back 
and forth longitudinally, a minimum of time is 
lost and the observer does not become confused 
as to the location of the impressions. This fixture 
cut the operating time in half and has eliminated 
the scribing of squares on the specimen. All 
phases of its operation require no more than 
ordinary precautions and the accuracy of the 
resulls is very high. 

We are finding the equipment adaptable to 
many other uses, particularly the measurement 
of Jominy and other test pieces for hardenability 
and the survey of hardness at and near welded 
joints. (W. W. Sopner, Director of Chicago 
Metallurgical Laboratory, Rheem Mfg. Co.) 


Testing Brass Turnings for Silicon 
Contamination 


." DETERMINE Whether red brass or tin-brom 

turnings, purchased for remelting into all 
ingots, are contaminated by silicon-bronze tun 
ings, we use the following method in our labor 
tory. It is only qualitative but is rapid an 
presents no special difficulties: 

A representative sample of the turnings 
and 1 or 2 g. weighed into a 250-ml. beake 
with a watch glass and add 10 ml. con 
Heat in the fume cupboard until 1 
Now add | 


taken 
Cover 
nitric acid. 
further brown fumes are evolved. 
ml. perchloric acid (70%) and evaporate to dens 
white fumes. Allow to cool, add 10 ml. con 
HC! and bring to a boil. Dilute to about 125 ml 
with hot, distilled water and boil for about 5 min 
Tin or lead will remain in solution and will thu 
not interfere with the test. A precipitate of siliw 
can easily be seen, if present, confirming am 
suspicion of contamination. (M. R. Bern 
Chemist-in-Charge, McKay Smelters, Ltd.) 


Beaded Glass Screen for Viewing 
Microstructures 


9 pena THE sTuby of particularly interesting « 
unusual microstructures, it has sometime 
been found advantageous for all interested partic 
in the metallurgical and engineering department 
to examine the specimen and discuss the mate 
thoroughly. In order to speed up these examine 
tions, the metallurgical department of the For 
Wayne Works, International Harvester Co., ub 
lizes an 18 by 18-in. beaded glass screen as # 
attachment on the metallograph. This permit 
public examinations of the specimen in questic 
and enables all the investigators to see the sam 
field under discussion. 

The is mounted 
consisting of a vertical steel rod and an adjustabi 
fixture designed for its support. This arrangt 
ment permits the screen to be ra‘sed or lower 
on the rod to any desired height. By means 
an adjusting screw on the saddle stand, the scree! 
may be extended along the centimeter scale 
the prismatic optical bench of the metallograp! 
to any predetermined magnification. 


screen on a saddle stan 


In order to produce a bright image, we ha“ 
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| pstituted distilled water for the green filter 


plution normally used. 


Further uses for the screen have been found 


ened Jominy specimen. 


ur reen and select the desired location for reading. more accurate spacings. 


onfe@he screen has also been useful in the examina- 
anfeon of steels for grain size. 


(J. D. WALKER and 


lines one sixteenth of an inch apart on the hard- 


The two vertical lines near the center are 
ond the determination of case depths. It is only merely two rubber strips present to reinforce the 


illogmecessary to project the micrometer scale on the horizontal markings and consequently maintain 


Inasmuch as the rubber stamp can be used 
for accurate spacing in most types of hardness 


J. Taxaca, Metallurgists, International Har- 


s ester Co.) 
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Stamp for Marking Jominy Test Bar 


—_ 
& 


Orie 


uf Micrometer arrangement, 
@ which a certain num- 
pr of turns on the screw 
: epresents a definite 
Pansverse travel under 
Be Rockwell penetrator. 
During the past year 


nt 
rf 


, 
mn 
, d a half, we have been 
es'ng a much simpler 


vice, merely a rubber 
amp (the impression of 
hich is shown alongside, 


| size) to place ink 


a 


once HERE ARE thousands of automatic recorders 

in the metallurgical industries for tempera- 
iinfre, pressure, or other conditions, and probably 
hufmillions of pen cleaners (very fine wires about 
cfg005-in. diameter or less). However, it seems 
ap@pat nothing is so rare as a pen cleaning or 
Kip @riming wire when a recording pen actually fails 


To remedy this it was found that a hair 
ucked from a human’s head works wonders. 
iis should eliminate practically all the excuses 
br dry pens (when ink is available) and at the 
ame time furnish a good excuse for baldness! 
L. HopGe, Research Metallurgist, Carnegie- 


HOSE using the Jominy test for routine or 
ti research checking of hardenability are trou- 
af med in accurately locating the Rockwell impres- 
oe ons. Of the methods advanced, one is to use a 





versus transverse distance determinations, we 
believe it to be a valuable asset to the metallur- 
gical laboratory. (Howarp B. Myers, Metallurgist, 
McConway & Torley Corp.) 


Three-Piece Mortar Shells 
Replace Forgings 


———- from a forged body for 4.2-in. mor- 
tar projectile to one made of three pieces 

a short length of X-1335 seamless steel tubing, a 
base plug and a nose adapter, all three silver 
soldered (brazed) together —has been a big 
factor in increasing the output of badly needed 
ammunition. Forging machines were unneces- 
sary and much metal is saved. 

Localized heating is done in one 50-kw. and 
one 40-kw. Tocco motor-generator induction 
machine, producing current at 9600 cycles. Base 
plugs are dipped in “Scaifflux” (which obviates 
the need for acid or alkaline reagents in subse- 
quent cleaning), a ring of ,',-in. silver solder wire 
snapped into a recess, and the base is fitted by 
hand into the tubing. Two assemblies are placed 
in a double inductor, clamped down by air cylin- 
der, and heated. Brazing cycle is 56 sec.; 38 sec. 
is required to cool from temperature (1400° F.). 
Similarly, nose adapters are silver soldered into 
the tapered end of the tube, two at a time, in a 
38-sec. heating cycle. 

All shells are tested with internal 
pressure in manufacturing routine to 
check for tightness. Any rejects from 
the pressure test can readily be disas- 
sembled by reheating to brazing tem- 
perature,.and practically all rejects can 
be reclaimed by removing the cause of 
the original leak — usually a speck of 
foreign matter of some sort. Such 
reclaimable rejects are less than one in 
400. (Jonn Y. BLazex, Vice-President, 
Lempco Products, Inc.) 
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Hardness Test Separates Zinc From Identifying Specimen Mounts 
Cadmium Anodes 





of quick methods of separating metals that 






A PRACTICAL, inexpensive and everlasting meth 


| ie an addition to the ever growing list for identifying metallurgical specimen 
mounted in transparent plastic such as lucite 
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look alike: evidently being sought by metallographers. VW; 
Several tons of cadmium and zine anode use the following procedure: 
balls became mixed. Some of the cadmium balls 1. After the metallurgical specimen has bee ais 
had been used and plating solution had dried on sufficiently covered with lucite or other simil 
them, resulting in a generous amount of cad- transparent plastic, insert a stiff paper strip 
mium bearing dust covering all of the balls. cut from index cards coded with ink or penci 
Separation by chemical spot testing without and cover paper strip with a thin layer of th 
thorough washing, was therefore a rather ques- plastic before compression. 
tionable proceeding. 2. Complete the mount according to dire 
We found a rapid and easy solution to our tions for the particular plastic in use. 
problem by hardness testing. Cadmium balls 
have a Brinell hardness number of 19 to 21 
(500-kg. load) while the zinc balls were in the 
44 to 48 range. Thus either a Brinell or Rockwell 
testing machine accurately determined the iden- 
tity of each ball. (A. A. Brapp, Laboratory Direc- toa 
tor, Remington Rand, Inc.) tion 
The 
sig 
Nesting rela 
Tight Loads of Awkward Shapes | 
As shown in the view, the small stiff code 
LITTLE INGENUITY in nesting awkward shapes paper strip will appear in plain view embedde dial 
can sometimes result in a notable increase in in a protecting layer, safely protected from mois- und 
furnace load. This is shown by the two accom- ture and air. (WiLtt1AM Koppa, Chemist, Inter- so-( 
panying photographs. The original scheme, at national Harvester Co.) mo. 
left, was supposed to put 70 small welded assem- it \ 
blies (chain devices on tracks for amphibious cas 
tractors) into a standard Homo furnace so they par 
could be stress relieved at 800° F. Actually only har 
64 pieces could be so loaded, for the containers spe 
were a little out of round and the perforated bot- mil 
toms slightly bulged. By on 
rearranging the method or, 
of stacking, working it nee 
out like a Chinese puzzle, but 
100 pieces could be fitted bui 
into the container. At the 
production rates of 4500 to 
assemblies per day, this cri! 
enabled us to divert one re 
furnace completely to u 
other important work. 
a at ae Original and Revised Nesting Scheme That ve 
: Increased Furnace Load From 64 to 100 Pieces , 
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(DIAMOND PENETRATOR) 





}OF CYLINDRICAL SPECIMENS 





i IS COMMON PRACTICE 
to apply a static hardness test for the determina- 
tion of some properties of metallic materials. 
The hardness test has become of engineering 
significance, since data have been developed cor- 
relating hardness values with certain properties 

in particular, tensile strength. 
The “Rockwell” Hardness Tester using a 


diamond penetrator, pressed into the sample 
under 150-kg. load, and results read on the 


so-called C-Scale, is without doubt the most com- 
monly used on heat treated steels. (In this article 
it will be denoted as an Rg reading.) In many 
cases, the Rg hardness is specified for cylindrical 
parts, and sometimes their shape is such that the 
hardness cannot be taken on a flat end of the 
specimen. Therefore, it would be necessary to 
mill or grind one or preferably two parallel flats 
on the part. This constitutes an extra operation 
or, worse, it may make the part useless. Engi- 
neering specifications were formerly not as strict, 
but since a multitude of equipment is now being 
built with unit stresses ever closer to the limit of 
the yield of the materials, it has become necessary 
to reconsider the testing procedure with a more 
critical eye to make sure that the readings taken 
are in conformance with the intentions and lim- 
itations of the test procedure. 

It is well known that the Rockwell hardness 
measurement on a cylindrical surface is not the 
same as on the flat, and to allow the factory to 

ike Rockwell measurements on cylindrical sur- 
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By W. L. Fleischmann 
and R. S. Jenkins 
Fort Wayne Works 
General Electric Co 





faces, it was necessary for us to establish a cor- 
rection which would correlate the hardnesses 
taken on the two. 

To determine the error caused by measuring 
R, hardness on the cylindrical surface, a series 
of cylindrical samples of various sizes and hard- 
nesses was checked. The samples were small 
cylinders, accurately machined to size, and the 
end surfaces machined parallel. Samples were 
machined from an oversized bar of 
molybdenum steel (S.A.E. 4140) and from one of 
its alternates, the triple-alloy NE9442. Five diam- 
eters, which include the most common sizes used 
in General Electric’s Fort Wayne Works, were 
10 series of 


chromium- 


selected in accordance with the No. 
preferred numbers, which gives equal spacing 
between the different diameters, thus allowing 
ready interpolation. Diameters tested were 0.250, 
0.315, 0.400, 0.500, and 0.630 in. 

The cylinders were oil quenched out of a salt 
bath to avoid decarburization and tempered to 
these different values of R, hardness (measured 
C-25, C-30, C-35, C-40, C-45, C-55. 
readings were taken 


on the flat): 

From three to eight 
along the cylindrical surface and across one end. 
All in all, 96 samples were checked, which 
involved taking approximately 850 readings. On 
hardness readings below C-20, and on small diam- 


972 


«id 


















Fig. 1— Average Hardness (Rock- 
well C-Scale) of Cylindrical Versus 
Flat Surfaces. Points are averages of 
several readings on single specimen 





eters, the readings showed consid- 
erable spread and the method of 
least squares was applied to obtain 
the average of the readings and 
with it the position of the lines in 
Fig. 1. 

With large diameters or high 
hardness, the measurements taken 
on the cylindrical surface approach 
the reading obtained on a flat. This 
leads to the theoretical conclusion 
that the readings taken on one 
diameter at different hardness val- 





























ues should follow a hyperbolic 
curve. Hence, the curves shown in 








Fig. 1 should be hyperbolas. How- 
ever, the curvature is so slight 
within the range investigated that a straight line 
can be considered representative and is accurate 
enough for all practical purposes. These general 
conclusions agree well with the data published 
in 1939 by W. E. Ingerson in Bell Telephone Sys- 
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tem Technical Publication, Monograph B-1229: 
“Correction to be Applied to Rockwell Hardness 
on Cylindrical Specimens Ranging in Diameter 
From Two to 16 Times the Penetrator Diameter”, 
in which the author discusses the hardness meas- 
urements when using a ;-in. 
ball penetrator on 









annealed 








Fig. 2 (at Left) — C-Scale Readings on Cylindrical Sur- 
faces of Various Diameters Plotted Against Plus Cor- 


rection to Make Them Correspond With 
Measured on the Flat. 


Fig. 3 (at Right) — Correction 
Versus Cylinder Diameter at Constant Hardness on Flat 





and relatively soft metals. 
We then plotted the lines 
of Fig. 1 in different para- 
meters. Figure 2 gives R, 
hardnesses measured on 






Hardness as 










SUSIACE 





cylindrical surfaces versus a 






































































9 correction factor to make ~ 

Aig3 them correspond to readings S 

2 oem ee on a flat. Figure 3 plots the S 
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diameter of cylinder versus & 

? | | : correction factor. Both graphs FF - 

| grap 

» show that the readings follow Fy ~ 

one pattern. In particular, the ~ 

~s curves in Fig. 3 show that a ee 

SL | | | | general relationship exists for > 

By RoHardness| Values of correction factor & 

& on Flat: | versus diameter of cylinder, F) < 

3! 25 which means that all curves x 
30 can be represented by a & 











hyperbolic equation. Conse- 
quently the nomograph of 
Fig. 4, which eliminates the 
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confidence in its accuracy to 
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within the limits of the test 








} 


dat». the accuracy of the latter, in turn, being 
determined by the accuracy and adjustment of 
the Rockwell testing machine. 

in the example shown by the cross line in 
Fig. 4, a 0.460-in. cylinder measured C-49; the 
correction is +2 units, making the true value of 
the hardness of the part C-51. 

Although the technique of the Rockwell test 
on cylindrical surfaces is in no way different 
from the testing on the flat, certain general pre- 
cautions should be observed: If the Rockwell 
hardness of the round specimen is found to be 
below C-20, exact results cannot be expected 
because it is outside the accuracy range of the 
machine. The axis of the cylinder should be 
normal to the axis of the penetrator, that is, the 
piece has to be accurately centered. It should be 


| obvious that it is useless to take Rockwell hard- 


ness on a cold rolled piece of steel at the surface, 
as the hardness will vary across the diameter. 
Lastly decarburization has to be carefully avoided, 
else the soft surfaces will mask the correct hard- 





CENTRIFUGAL 





STEEL CASTINGS* 





By L. Northcott ard D. McLean 





ENTRIFUGAL CASTINGS of tubular shape 
614-in. outside diameter and about 1454-in. 
wall thickness were made of a nickel-chromium- 
molybdenum steel of the following composition: 








® ness of the sub-surface metal. ) 0.30% C, 0.28% Si, 0.64% Mn, 2.9% Ni, 0.60% 
_ , Cr, 0.50% Mo. Some were cast “hot” 
$5 2850° F.), others “cold” (2750° F.) 
"= Fig. 4— Nomograph for Finding Correction to the liquidus of the steel being about 


2650° F. The rotating mold had its axis 
horizontal and the speed ranged, for 
different casts, from 450 to 1700 r.p.m. 
Pouring time for a 65-lb. casting 
ranged from “very rapid” (5 sec.) to 
slow” (75 sec.) —‘‘normal”’ 
being about 12 sec. The castings were 
cut transversely at mid-length and 
7 three distinct types of structures 
0.600 — observed, of the fundamental 
nature as those found in similar non- 


a be Added to the Rockwell C-Scale Reading on 
a Cylindrical Surface of Any Diameter to Con- 
vert it to the Hardness as Read on a Flat 
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ferrous castings. 

Type I structure is composed of 
three sharply defined zones differing in 
purity and crystal structure. The outer 
zone is thin, of chill crystals of 
medium purity, merging into fine col- 
umnar crystals inclined in the direc- 
tion of rotation of the mold. Owing to 
the rapid chilling its composition is 
slightly purer than the melt. The mid- 
dle zone starts to form at commence- 
ment of “splashing”, or tmbling of the 
portions of the unsolidified metal 
which continually bring it back to its 
starting condition of no rota- 

(Continued on page 328) 

*Abstract of “The Influence of Cen- 
trifugal Casting Upon the Structure and 
Properties of Steel”, advance copy of 
paper (dated November 1944) for Iron 
- & Steel Institute. 
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COPPER PLATE 









AS A STOP-OFF 
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WHEN NITRIDING . 
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con 
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, . Wa: 
By W. V. Sternberger cor 
Chief Metallurgist Chi 
V, RIOUS COATINGS have been Motor Products Corp. fi i<j 
used in the past for selective “stopping-off” and E. R. Fahy 
against nitriding. In tests recently carried out Chemical Engineer val 
the authors found that copper, deposited under United Chromium, Inc. in 
controlled conditions to give a dense non-porous Detroit ane 
plate, is effective. Before describing the tests an 
that were made a summary of other methods giv 
commonly used may be of interest. CO] 
Probably the most widely used stop-off has ing 
been electrodeposited or hot dipped tin approxi- and flow may also occur during the baking opera- J p!@ 
mately 0.0003 in. thick. While tin is effective it tion, necessitating the removal of the flowed 
has certain disadvantages, the principal one being material. ate 
that tin melts at temperatures below those used A third coating which has been used t to | 
in nitriding. This disadvantage can be mini- limited extent is nickel plate, but there appears By !3* 
mized by applying thin deposits since such depos- to be but little information available regarding § i! 
its show little or no tendency to flow at furnace it as a stop-off. Ma 
temperatures, due probably to surface tension Copper plate has received but little consid- mi 
effects and to an actual alloying of the bulk of eration from metallurgists for this use. It has 2& 
the tin with the basis metal. However, if tin is been tried at various times and such information fy W® 
applied in too heavy a layer flow occurs, and the as the authors have had available has been con- 
tin may spread out over surfaces it is not intended flicting as to the results obtained. Instances ol! at 
to protect. successful use were however cited by J. J. Pawlik 
A second characteristic of a tin deposit, dis- of the Continental Motors Corp. in an address ure 
advantageous in some instances, is that it is very delivered several years ago before the Detroit tio 
difficult to remove later by electrochemical or Section of the American Electroplaters Society, to 
chemical methods, due probably to the tin-iron and at a later date he cited experience to show Te 
alloy that is formed. that a copper plated article which can withstand tog 
Certain tin base paints and also paints of immersion for 24 hr. in boiling water withou! Ite 
Oy 


other types have been developed specifically for 
stop-off use in nitriding. As a rule they may do 
the job at somewhat lower cost than other meth- 
ods. Disadvantages include difficulty of applying 
a uniform coat, regardless of method of applica- 
tion. Too thin a coat is ineffective; too thick a 
coat, as in the case of tin, may sometimes lead 
to flow of the material onto significant areas. 
Some stop-off paints are baked after applying 
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showing signs of rust is an effective stop-off coal- 
ing for a 72-hr. nitriding cycle. 

The tests made by the present authors wert 
carried out with the purpose of determining 
whether copper would be a satisfactory stop-oll 
for certain bushings nitrided in production in the 
plant of Motor Products Corp. of Detroit. Ti 
start with, a number of “Nitralloy G”’ bushings 
were copper plated using the J. E. Stareck’s 












id- 
las 
on 
mn- 


ol 


“Un chrome Copper Plating Process”, described 
in \. S. Patent 2,250,556, then nitrided, and 
finally tested for penetration of the copper plate 
py nitrogen. Tests of the processed parts were 
carried out in the laboratory of Motor Products 
Corp.. and indicated that no penetration of the 
copper had occurred. The bushings then were 
forwarded to V. O. Homerberg, technical director 
of the Nitralloy Corp., and he confirmed the fact 
that the copper had functioned effectively. 

This initial set of bushings was run as a 
preliminary test only; each had a copper plate 
close to 0.001 in. thick on the significant surfaces. 

To establish definite, satisfactory operating 
conditions in plating, and also to determine if 
possible the minimum plate for protection during 
a given nitriding cycle, a second series of tests 
was run wherein a number of bushings were 
copper plated in the Detroit pilot plant of United 
Chromium, Inc., owner of the Stareck patent, 
using the following procedure: 

The bushings were racked, 
vapor, rinsed in water, dipped for several seconds 
in a 50% by volume solution of muriatic acid, 
and again rinsed in water, cleaned anodically in 
an alkaline electrocleaner, rinsed in water, and 
given a “strike” deposit (30 sec.) in a cyanide 
copper solution. Following the strike the bush- 
ings were water rinsed thoroughly, and then 
plated with definite thicknesses of copper. 

The “Unichrome Copper Solution” was oper- 
ated at an average overall current density of 60 
to 65 amperes per sq.ft., and at a temperature of 
135° F. The actual plating speed on the sig- 
nificant areas of the bushings as determined by 
Magne-Gage measurements was 0.001 in. per 17 
min., and each bushing was plated for the time 
necessary to give the particular thickness which 
was required. 

The bushings then were nitrided for 72 hr. 
at 965° F. 

Following nitriding the surfaces were meas- 
ured for Rockwell hardness, and their cross sec- 
tions thoroughly examined under the microscope 
to determine if the copper had been penetrated. 
Test results, as reported by Dr. Homerberg 
together with thicknesses of copper plate depos- 
ited before nitriding, are listed in the table. 
Original surface hardness of each bushing was 
approximately 70 on the Rockwell 15-N scale. 

It was evident from these tests that copper 
plate deposited under the conditions specified 
was of sufficient density to protect effectively the 
steel surface during the nitriding cycle used. It 
»pears also to be a fact that the copper must be 
deposited under conditions that will result in a 
Ccposit sufficiently non-porous to resist the nitrid- 


degreased in 
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ing cycle in question. Such conditions have been 
outlined in this paper for the 72-hr. cycle at 965° 
F., and a second series of tests proved the same 
conditions satisfactory for 154 hr. at 970° F. 

The minimum thickness of copper plate 
effective for the 72-hr. cycle at 965° F. was sur- 
prisingly low, that is to say, 0.0004 in. It should 
however be borne in mind that on a production 
run 0.0008 in. might well be specified to insure a 
factor of safety covering uneven plate distribu- 
tion. In the tests using the 154-hr. cycle at 970° 
F. a thickness of 0.0008 in. copper proved to be 
satisfactory. A lesser thickness might also have 
been satisfactory, but for this particular cycle no 
attempt was made to determine the minimum 
thickness to protect the underlying metal. 


Data on Test Bushings 





BUSHING) Copper PLATE | HARDNESS REMARKS 


0.0002 in. 


No. 1 92.5 0.012 in. case 
2 0.0004 70 No case 
3 0.0006 68 No case 
4 0.0008 69 No case 
5 0.0010 72 No case 
6 0.0012 69 No case 











There are two procedures by which the cop- 
per plate itself may be confined only to the areas 
it is intended to protect. One involves plating 
over-all and then grinding copper off the surfaces 
to be nitrided. The second procedure involves 
stopping-off the surface to be nitrided by com- 
monly used lacquers or non-conducting masks, 
then depositing copper on the areas to be pro- 
tected against nitriding, and finally removing the 
lacquer or mask from the areas to be nitrided. 

It also should be borne in mind that the sur- 
face finish prior to copper plating is a factor of 
importance. The bushings which we tested were 
rough ground on a Norton 3746-K-5 wheel (46 
grit). While comprehensive data are lacking 
from which specific conclusions can be drawn as 
to the surface finish required, the general state- 
ment can be made that the surface to be protected 
should be free from scale and should be finished 
extent as to insure the complete 
deposition of a dense, non-porous copper plate. 

Advantages of copper plate as a stop-off in 
ase of application, and also 


to such an 


nitriding include 
ready removal after it has served its purposes. 
The plate may be ground off or 
electrochemical or chemical methods. 
Disadvantages are not apparent at the 
moment. From the cost angle the use of copper 
plate would probably be more economical than 
the use of either tin or nickel, 
less economical than paint. S$ 
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Unsolved War Problems 


WasHIneTon, D, C. 
To the Readers of METAL PROGRESS: 

Metallurgists may be of assistance to the 
Navy Department, which is seeking solutions of 
the following four problems. Suggested solutions 
should be prepared in sketch and description 
form and sent to the National Inventors Council, 
Department of Commerce, Washington 25, D. C., 
for consideration and report: 

1. A cheap and effective barrier to prevent 
the propagation of cracks in steel structures, 
without making use of riveted seams and the 
caulking incidental thereto. 

2. A method of welding high pressure piping 
without the aid of backing straps or with back 
straps which would be soluble in a harmless solu- 
tion which could be introduced in the pipe before 
putting same into service. 

3. A method of measuring the elastic stresses 
locked up in steel or other metallic structures at 
and beneath the surface of the material without 
having to dissect the structure in order to record 
the elastic recovery which results from isolating 
various segments. 

4. A method of welding light gage alumi- 
num. This is of particular interest since alumi- 
num lifeboats and life rafts are currently of 
riveted construction due to the lack of a satisfac- 
tory commercial method of welding. 

CHARLES F, KETTERING 
Chairman, The National Inventors Council 


Pit Corrosion 
of Magnesium Alloy Castings 


CLEVELAND, OHIO 
To the Readers of METAL PROGRESS: 
We wish to comment on the letter from J. L. 


Miller appearing on page 752 of the October 1944 
number of Metal Progress in which a quotation 
is made from our boeklet “Magnesium Data 
1943” to the effect that magnesium alloys have 
excellent resistance to ordinary atmospheres over 
long periods of time. We believe this to be an 
accurate statement. 

The conditions cited by Mr. Miller which 
caused damaging pits in a winter’s outdoor stor- 
age do not constitute what is ordinarily termed 
“atmospheric exposure” but rather simulate a 


— 


test conducted by alternate or constant imme. 
sion in the corroding medium. Mr. Miller’s phot 
graph showing undamaged portions of the castix 
where drainage has been adequate proves thy 
bare magnesium alloy has good resistance | 
atmospheric corrosion in the usual sense, ay 
we have a great deal of evidence to justify th 
statement in our literature. 

The chemical analysis of the corrosion pro¢. 
uct given in Mr. Miller’s letter also indicates | 
us that these castings have not been exposed jp 
what would properly be called “an ordinan 
atmosphere”. Chloride and sulphate contents ax 
abnormally high even for an industrial atmos 
phere and it would appear to us that they my 


be coming from some abnormal source. A chili 


ride content of approximately 0.75% would 
expected to corrode a magnesium casting but th 
puzzle in this case is the source of the salts. Tha 
they have not come from the casting itself i 
indicated by the pitting on only the submerge 


surfaces and the freedom from corrosion of thi 


other portions of the casting. 
W. G. Harvey 


American Magnesium Corp= 


Special Practices Required for 
Maximum Damping Capacity 


SHEFFIELD, ENGLAND 

To the Readers of Metau PROGRESS: 
Whether or not a high damping capacity is: 
desirable attribute of steel to be used for some 


particular purpose is a question which the eng:f 


neering profession does not yet answer will 
unanimous voice. In this note I shall not discuss 
the question but merely point out that shouli 
steel be required to have this property in as greal 
a degree as possible, then it seems probable tha! 
special precautions will be necessary in the prep* 
ration of the bars, forgings or other article 
needed. This at least appears to be a legitimate 
deduction from data given in a paper entitled 


2M ARAL 


Pet oat 


“Further Experiments on the Damping Capacil)> 
of Metals” by W. H. Hatfield, L. Rotherham ane 
E. M. A. Harvey before the North-East Coast 


Institution of Engineers and Shipbuilders ™ 


March of 1944. These data show that prior coli” 


work reduces very considerably the dampins 
capacity of steel; thus, tests on a mild steel ba 
before and after normalizing followed by variou' 
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RECORRESPONDENCE AND FOREIGN LETTERS 





— 
imefi_mounts of cold drawing gave the results shown 
hotoli/n the table below. 

Sting rhe authors of this paper were led to investi- 
thilieate the effect of prior cold work because in 
e | xperiments previously carried out and reported 
an an earlier paper (see also Metal Progress for 


, thiDctober 1943, p. 643) they had found wide dis- 

repancies between the damping capacities of 
rodfemifferent commercially produced bars of the same 
*s type of material. The chance heating of one of 





Relation Between Damping and Previous Cold Work 


divergent values for the damping capacity of the 
commercially heat treated stainless iron bars 
were actually due to the different amounts of cold 
work (for example, cold straightening) which the 
individual bars had received during their final 
processing — and the authors of the paper appear 
to hold this view — it seems obvious that when 
such material is required by the user to possess 
high damping properties, its production must be 
so managed that the bars, forgings and other 
forms in which it is to 
be supplied are substan- 
tially stress-free. 





DAMPING PER CYCLE 


AVERAGE That is not necessar- 
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ily the end of the matter. 
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Stress | Stress | Stress STRESS The steel maker’s prod- 

—- jized Onl 12 226 266 a 300 uct is frequently the raw 
Normalized Only 92% 24% 64% 00% 2° ital he engineer- 

Cold drawn 5% | 1.48 1.76 1.92 2.16 25% erg _ ar ae 

Cold drawn 10%| 1.12 1.36 1.70 1.98 37% ae oer nae Soe ee ee 

Cold drawn 25%| 0.60 0.72 0.78 0.88 70 steel is to retain the high 

gee damping properties that 
the the maker has taken 


hese bars to 1100° F. — which caused it to bend 
ppreciably — had given the clue that these dis- 
oP trepancies might have resulted from differing 
mounts of cold work which the individual bars 
had received during their ordinary processing in 
he steel works. For further investigation, sev- 
ral of the bars concerned were re-tempered in 
he laboratory and their damping capacities 
e-determined. The results obtained were highly 
nteresting. 

For example, four different bars of stainless 
ron, containing 0.09 to 0.10% carbon and 13.1 to 
4.2% chromium, had previously given values, 
espectively, of 3.92, 1.80, 1.38 and 4.00% damp- 
‘Png per cycle at a stress of 4500 psi. These bars 
“Pad been heat treated in the works in the ordi- 
‘P@ary way, tempering being done in all cases at 
9365 to 1380° F. After they had been re-tempered 
the laboratory at the same temperature, their 
#amping capacities rose to 11.52, 11.36, 9.92 and 
0.04% per cycle, respectively, under the same 
#esting conditions. Similarly a marked improve- 
werent in damping capacity was noted when 
everal commercially produced, hardened and 
yempered bars of stainless steel (0.25 to 0.30% 
ME arbon, 12.0 to 14.0% chromium) were re-tem- 
I BPered in the laboratory though, in this case, the 
iff Mivergencies between the properties of individual 
pars were not reduced in so thorough a fashion. 

f it be assumed that these low and widely 
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pains to bestow on it, then subsequent handling 
in the shop must also be the subject of careful 
study. An example can be taken from turbine 
blading where very large quantities of stainless 
iron are used. Should this prove to be a situation 
where high damping capacity is desirable, it is 
obvious that suitable precautions will have to be 
taken to insure that the methods used for prepar- 
ing the finished blades from the blading bar sup- 
plied by the steelmaker, and for fixing them 
firmly in position in the turbine casing or rotor, 
do not result in the inserted blades being in a 
more-or-less cold worked and internally stressed 
condition. One can imagine that some methods 
used by turbine manufacturers during fabrication 
and mounting might easily produce internal 
stress and thus result in the inserted blades hav- 
ing damping capacities at considerably lower 
levels than that of the carefully heat treated 


material. 
: J. H. G. MonyPenny 
Chief Metallurgist, 
Brown, Bayley’s Steel Works, Ltd. 


EpiTor’s Notre — Mr. Monypenny is well known 
professionally by American students and users of the 
high chromium alloys, since his book “Stainless Iron 
and Steel” was the first reasonably complete account 
of this important new family of alloys to be pub- 
lished (1926). The greatly enlarged second edition 
has now been available for many years and is a mine 
of information on those varieties of the heat and 
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J. H. G. Monypenny 





corrosion resisting chromium-nickel steels that are 
in regular production in England. Metal Progress 
has been especially fortunate in having frequent let- 
ters from him in the correspondence pages, discuss 
ing topics of current interest to English metallurgists. 
After some urging, he responded to a request with 
the above portrait. He writes that his personal 
interests are largely in the steel works, and in the 
fortunes of his two sons, both of whom are officers 
in the British army. 


“Available” Beryllium Reduced 
by Internal Oxidation 


PITTSBURGH, Pa. 
To the Readers of Mevau ProGress: 

The interesting article entitled “ ‘Available’ 
Beryllium in Copper” by H. G. Williams, appear- 
ing in the July issue of Metal Progress, fails to 
mention the possible loss of age-hardenability 
through the internal oxidation of beryllium. 
Where copper-beryllium alloys are heated in a 
very mildly oxidizing environment the conversion 
of beryllium in solid solution to a precipitate of 


beryllium oxide proceeds at a very rapid | 


Metal so handled ceases to be age-hardeng} 
Even where the alloy has not been subjected 
especially high temperatures, but where { 


cross-section is small, the oxidation of beryl 
may be serious. Thus the production of poy 


metal alloys from copper-beryllium powders 


met with difficulty, apparently because the ber 
lium in the powder oxidizes with great ¢ 
I have found in the course of a few brief expe 


ments that the age-hardening characteristics 


copper-beryllium powder alloy can be partis 
restored by heat treatment in dry hydrogen 
temperature just below the solidus, but comp 


restoration of the properties does not seem t 


attained. : : 
FREDERICK N, RHINES 


Assistant Professor of Metally 
Carnegie Institute of Technol 


Damage to Copper Wire 
by Molten Solder 


New York ( 
To the Readers of METAL PROGRESS: 
Insulated copper wire must of cours 
cleaned before joints or terminals can be sold 


In coarse sizes this is readily done with a k 


or a stripping tool. 
used in instruments and tubes is usually 
ered with synthetic resins, frequently ol 
“Formex” type, and this can be removed in a 
seconds by mere immersion in molten sold 
temperatures of 930° F. or higher. The insul: 
apparently serves as a flux to permit “tinn 
of the copper wire in the same dipping opera 
More positive and complete stripping and tin 
temperati 


slightly higher 


For example, in the small \ 


are obtained at 
1025 to 1100° F. 
sizes of No. 29 H.F. (Heavy Formex) and 
H.F., the action is completed in about 10 a 
sec., respectively, both at about 1050° F. 

It is common knowledge that if the wi 
kept in the hot solder long enough, the subme! 


section is completely eaten away. “Long enous 
iH 


is an inadequate expression here; for No. ° 
wire it represents about 20 sec., and for \ 
H.F., 5 to 6 sec. The leeway for No. 29 

tively appreciable, but not for No. 40 wir 

example, No. 40 H.F. will not properly strip 
tin below 3 sec., and although stripping-!in' 
action may be held through close control | 
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7 nimum time required, some copper loss can be 
= re Higher temperatures, up to 1175° F., 
¢ uce the minimum dipping times, but also 

ten the destruction times; No. 40 H.F. is 
lliy troyed practically as soon as the stripping and 
W 


ning are completed. 


st This phenomenon in wire destruction is 
“BB portant and serious. Such reduction in diam- 
_ r in hot tin dipping means weakened leads, 
PErhaps production losses either at the dipping 
“Biieration, or later in assembly, and an inferior 
Noduct that fails in the field. This is especially 
“Sime in the finer wire sizes. 

pi To avoid this trouble Fairchild research engi- 
. ‘rs have devised a means of stripping wire by 


ping successively in two chemical solutions 
it have no action on the wire. However, even 
ban wire is attacked by molten solder and some 
climinary tests to determine optimum soldering 






nditions were made. The results are of general 


erest. 
\ll cleaned wire test specimens were bent 
Wo a standard hairpin shape with one longer 


; bent outward at right angles near the end 
posite the loop. The specimens were handled 


by this projection. They were plunged, loop 
down, into the molten solder, only deep enough 
to permit the free side of the hairpin to remain 
out of the solder to about one-half its length. 
When this vertical projection fell over, due to the 
destructive action of the solder at the bend, the 
test specimen was considered destroyed, as the 
wire was so eaten away as to be incapable of sup- 
porting even this small weight. 

The wire life or destruction time was meas- 
ured accurately from the moment of entry into 
the solder. The solder was under temperature 
control and dross was scraped from the surface 
immediately before each test. 

Results for 40:60 tin-lead solder (“soft 
solder”) and 60:40 tin-lead solder (“hard solder”, 
so-called) are shown in the drawing below. 
Similar tests were made in pure lead. Copper 
goes into solution in lead very slowly at tem- 
peratures of 800° F. or lower — the test values 
being 50 to 80 times as long as for 40:60 solder; 
and at the higher temperatures some 4 times as 
long for the finer wires. However the pure lead 
solder joint is not strong mechanically. 

A review of our tests leads to the following 
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Time Versus Temperature for Destruction of U-Bends of Fine 
Copper Wire in Molten Solders (40:60 and 60:40 Tin-Lead) 
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conclusions as to the surface damage done to fine 
wire by the soldering operation, resulting in loss 
of fatigue strength and toughness, and in severe 
cases in undersized wire and deficient tensile 
strength: 

1. The life and diameter of any fine copper 
wire in any solder is decreased with increasing 
molten solder temperatures. 

2. The higher the tin content of tin-lead 
solder, the shorter is the life of a given wire in 
that solder for any given solder temperature. 

3. For a given solder composition and solder 
temperature, the finer the wire size (diameter) 
the shorter is the wire life in the solder. 

The all-around best solder of those tested 
appears to be the 40:60 combination, commonly 
referred to as “soft solder”. Other solders of this 
type analysis may offer even better properties. 
For certain other purposes, regardless of these 
findings, hard, or 60:40 solder, may be best. 

On the basis of these facts only, it is appar- 
ent that a low solder temperature should be used 
for tinning or making joints on wire sizes finer 
than No. 30. Preferably, these solder tempera- 
tures should be kept either within 150 to 200° F. 
above the melting or liquid point of the solder 
used, or under 600° F. For Formex or Formvar 
coated wires, a low temperature insulation strip- 
ping method other than the hot tin dip method 
now becomes necessary. Other methods, involy- 
ing high temperatures, such as the gas flame 
method, tend to embrittle and oxidize the copper, 


and are no better. 
C. A. HARRISON 


Vice-President, 
Fairchild Camera & Instrument Corp. 


Silitoss-Gruppo 


PALMERTON, Pa. 
To the Readers of MeTaL PROGRESS: 
Frequently foundrymen are disturbed by the 


actions of the Silitoss-Gruppo (sand slinging 
gremlin). This is an extremely uncommon 
species of the gremlin family and is very rarely 
entrapped in freezing metal. 

The adjoining photomicrograph of a metal 
surface reveals an unlucky one that was caught 
during solidification. This rare specimen was 
discovered by J. L. Rodda of Palmerton, Pa. He 
is also very small, for the bellows extension went 
out to 500 before the rough outline of his 





Silitoss-Gruppo < 500 





anatomy was revealed. He seems to be holi 
on to his hat for dear life; perhaps if it could 
removed — possibly by alpha ray bombardm 
his charm would vanish. 
E. J. BoYLe 
Research Divisior 
The New Jersey Zinc 


Spectrographic Boron Steel 
Standards 


WASHINGTON, D. ¢ 
To the Readers of METAL PROGRESS: 

Industrial importance of addition agents 
steel containing boron among the essential 
ments has led the National Bureau of Stands 
to furnish six samples of boron steels in rod fe 
for spectrographic standards, as follows: 
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NUMBER KIND Tora Bow 
425 Mn-Ni-Cr (NE9450) 0.0006% 
426 Cr-Mo (S.A.E. 4150) 0.0011 & 
427 Cr-Mo (S.A.E. 4150) 0.0027 
428 Mn-Cr 0.0059 & 
429 Ni-Cr-B 0.0091 § 
430 Ni-Cr-B 0.019 


The standard samples are cylindrical ™ 
ys in. diameter and 4 in. long (approxima 
22 g.). The 4-in. rod may be cut at the cel 
for use as self electrodes. The price per sal! 


is $3.00. LYMAN J. BricGs 


Director, National Bureau of St nde 


: 
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Salvage of Aluminum Scrap 


SOMEWHERE IN FRANCE 
whe Readers of Metal Progress: 


[Eprror’s Notre — This letter was 
received last summer along with the 
one published in October. In response 
4 to letters forwarded to France as soon 
- as commercial communications were 


7 resumed, Professor Portevin has 
cabled that he is sending some infor- 
mation about the present condition of 

the French metallurgical industry by 

2 a mutual friend, about to depart for 


the United States. | 


Restrictions and absolute prohibition of the 
of important metals in France during the last 
years has had two results — first, a search 
new and better alloys of available metal [as 
noted for zinc in the October issue of Metal 
gress} and second, the salvage of worn out 
es of metal, industrial waste, and wrecked 
matériel and munitions. The last category 
f greatest importance, especially for the light 
ninum alloys salvaged from wrecked aircraft. 
The secondary metal industry has for years 
an important source of usable metals, espe- 
ly iron and copper. A large proportion of 
dry iron is cupola melted scrap; likewise 
h secondary brass and bronze, recast into 
bt, goes to the non-ferrous foundry. However 
utilization of secondary aluminum has not 
as extensive in France as it has apparently 
in America. Whatever the commercial rea- 
for this difference in practice in the two 
ons, it is clear that the remelting of aluminum 
ys involves an entirely different set of physico- 
lical considerations. 

In the case of iron and steel scrap the pres- 
of some rust is of no importance. If the 
| being melted had no oxide on it, the melt- 
conditions would have to be arranged to pro- 
some, for iron oxide is a powerful reagent 
eliminating other impurities, metallic and 
“metallic, which exist in the charge of scrap 
|. Much the same thing is true of the fire 
ing of copper alloys, a process which may 
oked upon as a melting under oxidizing con- 
Dns, and then a reduction of the surplus cop- 
oxide by charcoal or by poles of wood thrust 
the molten bath. 

However, aluminum has a stronger 





























affinity 
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for oxygen than the other metals — copper, sili- 
con, manganese, zinc, iron— with which it is 
alloyed. The very melting may be considered an 
oxidizing action. The result is that the product 
is often an alloy of mongrel composition, of little 
practical value.* To correct this situation four 
measures are being taken: 

1. Types of aluminum alloys now in use, 
far too numerous, are being reduced to a few 
standards. 

2. Manufacturing scrap is vigorously segre- 
gated by type. If the origin of the scrap is 
unknown it is necessary to test each piece and 
segregate it into usable types. Two rapid meth- 
ods are used for pieces whose shape gives no clue 
to the nature of the part and its probable com- 
position: (a) Spot tests, using drops of various 
reagents such as caustic solutions, hydrochloric 
and nitric acids, cadmium sulphate and others 
which color or react in a characteristic manner 
with the principal alloy families, such as Al-Cu, 
Al-Zn, Al-Si, Si-Mn, Al-Mg, Al-Zn-Cu and AI-Si-Cu., 
(b) The second method is useful to the skilled 
workman in the form of scratching points of 
classified hardness. 

3. Establish standard compositions for sec- 
ondary ingot which result from the careful fusion 
of segregated scrap. It is believed that about 20 
such secondary alloys, each with useful commer- 
cial properties, can be formulated. 

4. Devise fluxes for melting and refining the 
aluminum scrap. They should have a large solu- 
bility for aluminum and magnesium oxide, should 
not induce corrosion if traces of them remain 
behind entrapped in the metal, should melt in 
the range of 1100 to 1300° F. into fluids of low 
viscosity and density. Principal ingredients are 
alkaline fluorides and chlorides, but there is room 
for great improvement in French practice. 

When these objects have been achieved, the 
melting of aluminum scrap, even though accom- 
panied by considerable change in chemical com- 
position, will be vastly improved, and will return 
to the secondary ingot many of the original 
qualities of the primary metal. 

ALBERT M. PorTEVIN 
Bessemer Medallist 

*Epiror’s Note — The situation is different in 
the United States. Magnesium can be and is being 
separated and recovered from the bath, and the melt- 
ing is so conducted that foundry and die casting 


alloys of excellent characteristics are produced — or 
else shot aluminum suitable for steel deoxidation. 















MAGNETIC MEASUREMENT 





OF THE HARDENABILITY 





OF CARBON TOOLSTEELS 





S, IME TIME AGO we described* 
a cone-shaped test piece for determining the 
hardenability of carbon toolsteels, originally 
designed to amplify the gradations in harden- 
ability in the shallow hardening grades. On the 
basis of several years’ usage in the routine testing 
of these types of steel in Carpenter Steel Co.’s 
laboratories, we can now state that the cone test 
is reliable and has sufficient sensitivity for the 
testing of shallow hardenabilities. 

In the beginning, the hardened specimens 
were ground down to the longitudinal axial plane 
and Rockwell hardness readings made down the 
center line. (Carbon contents of the steels vary 
from 0.80% to 1.30%.) The distance is measured 
from the tip of the cone to where the hardness is 
C-55. Cooling velocities along the center line of 
the cone specimen were known from experimental 
measurements as noted in our previous papers, 
and so the cooling velocity past 1300° F. necessary 
to yield this Rockwell hardness of C-55 could be 
determined. This latter cooling velocity asso- 
ciated with C-55 has been called the “critical 
cooling velocity”. Our previous reports showed 
the utility of this critical cooling velocity, and it 
is pertinent to point out that the adoption of the 

*O. V. Greene and C. B. Post, S.A.E. Journal 
(Transactions), Vol. 49, 1941, p. 278; C. B. Post, O. V. 
Greene and W. H. Fenstermacher, Transactions ©, 
Vol. 30, December 1942, p. 1202. 





By C. B. Post 
and W. H. Fenstermac 
Metallurgical Dept 
The Carpenter Steel ( 
Reading, Pa. 





cone test in our laboratories has eliminated 
five specialized hardenability tests used by 
ferent consumers. This was done by corre! 
the customers’ specialized tests and our con 
in terms of the more fundamental hardenal 
parameter “critical cooling velocity = °F./se 
1300° F. to yield C-55 hardness”. 

The grinding down of these hardened « 
was found to be expensive and time consu! 
even when done in batch lots, and means 
sought for eliminating this operation. 

The electromagnetic equipment finally ¢ 
oped for eliminating the grinding of the cone 
shown in Fig. 1 and 2. Basically, the metho 
to magnetize the hardened cone in a cons 
magnetic field of strength H in Coil C,, carr 
1.5 amp.). This magnetizing coil is 3% in. 
and has 3600 turns of 21-g. 
residual magnetism in the sample causes ! 
netic flux to traverse the path of the high s 
laminated yoke (Y of Fig. 2), and the amou' 
this flux is indicated by the current genera! 
the rotating constant-speed coil C, in the bat 


oe ypper wire 


the yoke. 

The current is now reversed in the mag 
ing coil C,, and is gradually increased from 
in milliampere steps, until the rotating coil 
to generate any current in the indicating ¢!! 
The galvanometer G in the indicating circu 
of the d’Arsonval type and is operated 
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bounts of hardened 











ints S. so that full sensitivity is finally obtained 
hen the current When the 
rrent in the indicating circuit is zero (repre- 


is small enough. 


iting zero flux in the yoke) the current is read 
the magnetizing circuit by means of a milliam- 
‘ter MA. This is the amount of current neces- 
‘y to create a field in the magnetizing coil which 
just sufficient to demagnetize the cone speci- 
nn. This reading of the milliammeter is called 
re the “meter reading”. 

This demagnetizing current (meter reading) 
one of the variables specifying the coercive 
ce of the hardened cone specimen and, in fact, 
> coercive force is directly proportional to this 
rent. 

Under these conditions, we are relating the 
rcive force of the cone specimen to the relative 
case (martensite) and 
hardened core (fine pearlite). At constant car- 
1 content, and manganese, silicon, chromium, 
', and other incidental elements held within 

its ordinarily associated with such shal- 

dening carbon steels (for example, 0.15 
0.4 manganese, 0.20 to 0.40% silicon, 0.05 
chromium, 0.10 to 0.25% nickel, 0.02 to 

molybdenum, 0.020% phosphorus 
<0 max. sulphur) the coercive force of 


max. 


d cone specimens of various hardenabil- 
be standardized against critical cooling 
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Fig. 2— Wiring Diagram of Hardenability Tester 
\ Silicon-iron laminated yoke 
C, Magnetizing coil, 3000 turns, No. 21-g. 
( Rotating coil, 500 turns, No. 30-2 
\ Armature and commutator 
M Synchronous motor, 1800 r.p.m. 
RS Reversing switch 
R, Control resistance, 27 ohms, coil C,, 15 amp, 
R Demagnetizing control resistance, 2700 0hms 
MA 0-150 MA milliammeter 
.¥ Shunts 
G Galvanometer 
DPDT Double pole, double throw switch 
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Meter Reading 








Fig. 3— Calibration for 
Carpenter’s Electromag- 
netic Hardenability Tester 





velocity. Figure 3 shows the 
calibration chart used with 
our instrument. 

In making tests, the 
instrument shown in (Fig. 1) 
is checked before each batch 
by measuring the “meter read- 
ing” for a completely hard- 
ened cone specimen, an 
unhardened sample, and a 
standard cone of 260° F./sec. 
The carbon content of the 
sample must be known to use 





Meter Reading 








Carbon Cantent 
Of Toolstee/ 





the calibration chart, Fig. 3 
(heat analysis carbon is suffi- 
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cient for this). 

Periodically the entire 
instrument is checked by grinding down several 
cone specimens and comparing the critical cool- 
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Fig. 4— Standardization of Electromagnetic 
Tester for Flat End Jominy Test Pieces; “Meter 
Reading” Vs. Critical Cooling Velocity (°F./Sec. 
Past 1300° F. to Yield C-55). “Stentor” type 





ing velocity by the electromagnetic method an 
that determined by Rockwell readings down th 
center line of the cone. Of 159 heats checked i: 
this manner, 70.5% showed errors in the rang 
of 0 to + 4%, 23.9% showed errors in the rang 
4 to + 8%, and 5.6% 
range Sto + 10%. 

To illustrate the possible utility of such w 
instrument to those primarily concerned wil! 
Jominy hardenability testing, a number of Jomin 
specimens were made with flat ends from Car 
penter “Stentor”, oil hardening, non-deformin 
toolsteel (0.90% C, 1.75% Mn) and some similaz 
experimental analyses but shallower and deepe 
hardening than the narrow range to which thi 
type is controlled. The Jominy specimens wer 
obtained midway, surface to center, from 4i 
square billet stock, and machined to 7%-in. diam 
eter, 3 in. long. (We used %-in. diameter instea 
of the conventional 1-in. diameter because of th 
Y,-in. diamele! 


b 


showed errors in t! 


size of the magnetizing coil.) A 
wrought iron pin bridged the gap between uppe! 
pole of the yoke and the specimen when th 
specimen and coil were seated on the lower po! 
of the yoke. The same procedure in making th 
electromagnetic test was employed as in the com 
test described above. After demagnetization, th 
“meter reading” was directly correlated agains 
the °F./sec. past 1300° F. appropriate to C-55, ® 
determined from Rockwell readings on tw 
ground flat surfaces on the Jominy surface. Suc 
a correlation is shown in Fig. 4. @ 
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Are-Welding Troubles and Their Curves 
Sheet 1 of 2. Westinghouse Electric & Mfg. Co. 


Cracked Welds 


nee Re ace ti =" Causes: A—Joint too rigid. B—Welds too small for size 
ly *< ° ae — parts joined. C—Poor welds. D—Improper preparation of 
‘ ; = - % , E—Improper electrode. 
Prat A ‘rn , Cures: A—Design the structure and develop a welding 
ne ti SE 5 ee dure to eliminate rigid joints. B—Avoid small welds between 
ne plates; increase the size of welds. C—Do not make welds in 
beads; make weld full size in short sections 8 to 10 in 
D—Use welding sequence that leaves ends free to move as |] 
possible. E—Ensure that welds are sound and the fusion is 
F—Preheat. G—See that joints have uniform and prope: 
space; sometimes free space is essential; in other cases, a 
or press fit may be required. 


Distortion 


Causes: A—Shrinkage of deposited metal pulls parts tos 
and changes relative positions. B—Non-uniform heating of 
during welding distorts them before welding is finished; final 
ing of parts in distorted position preserves these improper di! 
sions. C—Improper welding sequence 

Cures: A—Properly clamp or tack parts. B—Pre-form pa 
compensate for shrinkage of welds. C—Distribute welding t 
vent excessive local heating. Preheating is especially desiral 
heavy structures D—Remove rolling or forming strains | 
welding. E—Develop a proper and definite welding sequencs 


Metallic Are Blow 


Causes: A-—Magnetic fields cause the arc to blow away 
the point at which it is directed Magnetic blow is partic 
noticeable with direct current at ends of joints and in corne: 

Cures: A—Ground on the work properly in the directio 
arc blows. B—Separate the ground in two or more connect 
C—Weld toward the direction the arc blows. D—Hold a shor 
E—Change magnetic path around arc by steel blocks F 
alternating current 


Brittle Joints 


Causes: A—Base metal has too high a degree of hardena 
B—Improper preheating. C—Unsatisfactory electrode 

Cures: A—If heat-affected zone becomes hard as a resi 
rapid cooling, preheat at 300 to 500° F. before welding. B—Multir 
layer welds will tend to anneal hard zones. C—Annealing at 
to 1200° F. after welding generally softens hard areas formed 
ing welding D—The use of austenitic electrodes is somet 
desirable on steels which harden readily. The increased weld 
tility compensates for the brittle heat-affected area in base n 


ndercut 


Causes: A—Excessive welding current. B—Improper manij 
tion of electrode. C—Attempting to weld in a position for v 
the electrode is not designed. 

Cures: A—Use a moderate welding current and do not 
travel too rapidly. B—Do not use too large an electrode: 
puddle of molten metal becomes too large, undercut may r 
C—Avoid excessive weaving, which will cause undercut; a uni 
weave will aid greatly in butt welds. D—If an electrode is hel 
near the vertical plane when making a horizontal fillet weld 
vertical plate may undercut 


Irregular Weld Quality 


Causes: A—Improper electrode manipulation B—Exct 
welding current. C—Welding in improper position for which 
trode is designed. D—Improper joint design 

Cures: A—Use a uniform weave or rate of travel at all 
B—Avoid excessive welding currents. C—Use an electrode des 
for the position and type of weld. D—Prepare joint properly 


Welding Stresses 


Causes: A—Dangerous stresses will be induced by joint 
rigid, or B—by improper welding sequence. C—Welding stress« 
inherent in all welds. The illustration shows cracks in mill 
or whitewash, caused by creep of ductile metal underneath. | 
stresses are especialiy likely in heavy parts 

Cures: A—Slight movement of parts (either mechanical 
differential preheating) during welding will reduce intensi' 
welding stresses. B—Make the weld in as few passes as pra¢ 
C—Peen each deposit of weld metal. D—Anneal finished produ 
1100 to 1200° F.; heat very slowly and soak 1 hr per in. of thi 
metal. E—Develop a procedure that permits all parts to be 
to move as long as possible 
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Ween ENEMY ORDNANCE 
is captured in usable condition, the best use for 
it is to turn it immediately against the enemy to 
hoist him with his own petard. At Aberdeen 
Proving Ground, where enemy arms are collected, 
officers and men have been familiarized with the 
design and operation of enemy guns, and these 
experts, scattered through the forces in the field, 
are prepared to instruct the field forces just how 
to operate captured guns. They also collect, 
examine in the field, and forward for more 
detailed examination, samples of new design, or 
those of old design but late manufacture. 

Next in order is the study of captured mate- 
riel as to its capabilities and limitations, so that 
proper defense can be opposed to it and so that 
any useful kinks in design, methods of manu- 
facture, or materials used, that might be applica- 
ble to improving quality or increasing production 
of our own weapons, may be promptly noted and 
utilized. 

This involves experimental determination of 
how the matériel actually functions, the accuracy 
of guns, the penetration power of projectiles, the 
resistance of armor, the speed of tanks, the life 
of their treads, and all such questions bearing on 
actual battle efficiency. Much of this is done at 
the Aberdeen Proving Ground, with specialized 
attention at Watertown, Frankford, Picatinny 
anc Rock Island Arsenals. The aid of civilian 
experts among producers is regularly enlisted. 


Not only arms and ammunition, but tanks, trucks, 
fuels, lubricants,** paints, and similar materials 
are scrutinized. (See Note a, page 290.) 

The Navy has analogous problems and han- 
dies them in a rather similar fashion, although 
collection of matériel for examination is more 
difficult, for instead of being abandoned by a 
retreating enemy to be picked up from the ground 
at leisure, enemy ships are generally sent to 
Davy Jones, who doesn’t send in specimens, The 
Navy, however, does manage to collect a lot of 
Japanese naval aircraft. 

Our British Allies have the same problems 
and deal with them in much the same fashion; 
both service and civilian experts examine and 
appraise captured matériel. Reports are exchanged 
between the two countries. The Germans likewise 
pay attention to the British and American arms 
that fall into their hands and have published 
descriptions of the design and materials used in 
captured aircraft engines and ordnance matériel. 

Economic and Technical Aspects — In all of 
these studies the engineering aspect is not the 
only one of interest. An enemy shift from one 
raw material to another, or from one method of 
production to another, may be very revealing as 
to his shortages in materials or production equip- 
ment, and these show up those bottlenecks whose 
further restriction by military or economic action 
will hurt him most. 

Hence, the Foreign Economic Administra- 
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tion, as well as the Army and Navy, has a keen 
interest in enemy steps in conservation and sub- 
stitution. 
enemies are adopting may serve as useful cor- 
the bits of information 
by the various Intelligence Services. 
Naturally, the captured material is immedi- 
ately and intensively studied by the armed Serv- 
ices from the functional standpoint, and is not 
for and 


roboration of gathered 


released examination as to materials 
fabrication methods until it has fully served that 
Unless plenty of duplicates of 
anything new and interesting have been captured, 
there is a delay between its capture and _ its 
release to materials engineers for study. Any 
items of immediate interest and importance as to 
materials used are studied by the appropriate 
Service (and civilian) experts the moment they 
can be released for such study. See Nore (b). 

There are distinct limitations to the validity 
of even tentative conclusions drawn from careful 
study of enemy ordnance. One may be very cer- 
tain of the composition of a piece of metal, of its 
properties, and quite certain as to methods ol 
manufacture and fabrication, but quite uncertain 
as to how representative that piece may be of 


prior purpose. 


regular enemy practice. 
available a considerable number of like parts 
whose dates of manufacture are known, can a 


Only when there are 


consistent picture of regular practice be shown 
and a reasonable guess made as to the reasons 
underlying a change in practice. For example, 
when a Jap gun part is found which contains 


established 


General Barnes! 
and Colonel Ritchie? in the pub- 
lications so noted in the Bibliog- 


NoTE (a) 


raphy, page 320, have outlined the 
the work of the Ordnance Depart- resources 
ment Research and Development to assure 
Service along these lines. Analo- such 
gous examinations of rations, 
clothing, and supplies are made 
by the Quartermaster Corps, while 
the Army Air Forces do the same 
sort of thing with aircraft. 
Similarly, the Office of Scien- 
tific Research and Development, 
through its agency the National 
Defense Research Committee, has 
sponsored extensive research on 
metallurgical problems. This has 
been done by means of about 100 
contracts with various industrial 
and educational laboratories. 
These contracts are under the 
direct supervision of the National 
Defense Research Committee’s 
Division 18 on War Metallurgy. 
(The Office of Scientific 
Research and Development was 


results of 
tion, through 
objective 
tional 


laboratories. 
lurgical 


tific Research 
under one of 

Note (b) - 
facilities are 


much 


Observations of what expedients our 


June 
Executive Order 8807 to “serve as 
the center for the mobilization of 
personnel 
Nation in 
maximum utilization of 
personnel and resources in of all 


scientific 
of the 


developing and 
scientific 
defense purposes”. 


nevar Bush, has accomplished this 
primarily 
medium of contracts with educa- 
institutions 
organizations for the services of 
their scientists and the use of their 
The work on metal- 
problems at 
Memorial Institute was sponsored, 
in the main, by the Office of Scien- 


these 
- Since the Service’s 
often 
civilian help is required to amass 
information 


0.60°% carbon and 0.16% phosphorus, and wy 
corresponding brittleness, it does not mean th, 
this metal is generally used. It might mean p 
metallurgical control, or it might mean that 4 
Jap was trying to make a free machining s\¢ 
Evaluation of trends on the basis of a | 
grab samples is not very reliable, but even thoug 
nothing more than intelligent guesses can } 
made in a good many cases, yet as the bits 
evidence accumulate, and especially when 
findings are supplemented and corroborated | 
the examinations made by the British SOR 
trends do rather clearly established 
See Nore (c) for information on the selection 


become 


specimens. | 

Metallurgical practice tends to be quite sin 
lar throughout all industrialized countries, s 
is not surprising that the verdict after examin 
tion is usually that “conventional materials ha 
been used”. It is the deviations from cony 
tional practice that are being sought. Hene 
many of the examinations that have had to | 
made from the point of view of completenes 
merely supply a background for general apprais 
rather than anything of particular interest 
themselves. 

We shall not attempt to go into detail her 
but merely to present a few general impression 
of over-all trends that appear to have been estab 
lished. Most of these points are likewise verified 
from general economic knowledge and _ specifi 
information the Intelligence Services, | 
which they add corroboration. 


from 


28, 1941, by to supplement and strengthen the 
conclusions as to economic trends 
and for further scrutiny to make 
more certain that nothing of eng: 
neering importance has been over: 
looked. Since so great a proportior 
munitions is made up 
metals, this involves considerabi 
metallurgical work. 

Much of this metallurgica 
work has been done by the Office 
of Scientific Research and Dev 
opment through a contract will 
the National Academy of Sciences 
Under this contract, the Nationa 
Academy of Sciences has 
available the services of its 
ous committees and facil 
prominent among which i 
National Research Council. Under 
the latter organization there has 
been formulated the War \ 
lurgy Committee. Colonel Ritch 
assistant chief, Research an 
Development Service of the Ore 
nance Department, called uy 
for “active assistance in exa! 


and 
order 


applying the 
research to 
The organiza- 
director, Van- 
through the 
and industrial 


Battelle 
Development 

contracts.) 
overcrowded, 


and evidence 
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German Shortages 


lt is generally considered that Germany is 
| for the following metals, in about this 
Copper, nickel, molybdenum, vanadium, 
ngsten, chromium and manganese. Indeed, 
ul ten years ago, devisen regulations were set 


amy] 


de! 


» in Germany to encourage, through the pocket- 
the development of alternates for imported 
baterials such as oils, metals, and alloys, and the 
chnical literature began to offer suggestions for 
ibstitutions,®:* especially for nickel. 
lt is of particular interest to appraise the 
erman serap situation, as evidenced by the 
ssidual metals in standard compositions, in order 
) figure out whether they are likely to be able to 
esort to the expedient that has been so useful in 
he United States —- that is, of utilizing the hard- 
nability-conferring elements (nickel, chromium 
and molybdenum) present in scrap. The high 
vel of these elements in much of our scrap has 
made the so-called triple-alloy or NE steels avail- 
ble without having to draw heavily on the sup- 
lies of new alloying elements, as would have 
een necessary to produce the old S.A.E. alloy 
teels, for which the NE steels are proving so 
videly applicable as substitutes. 


" yk 


Steel for Copper — Copper has long been crit- 
ically short in supply in Germany. 
that even a small amount of copper is worth sav- 
ing is shown by the German duralumin type of 
aluminum alloys in which somewhere around 4% 
They 


A good proof 


of copper occur as an alloying element. 
carefully control the copper content right at the 
(Dreyer and 
of many 
control 


low end of the accepted range. 
Hansen® have published the results 
This 
perhaps one-quarter to one-half per cent copper 
that to meet 
pre-war specifications. 

The tight German copper situation is evi- 
denced by the early substitution (around 1934) 


experiments on this topic.) saves 


would otherwise have been used 


of deep-drawn steel for brass in the larger car- 
tridge cases of fixed ammunition, and the shift 
in the protective coatings for the steel cases from 
copper cladding, through an electrolytic coating 
consisting of a copper strike, topped by a thin 
layer of brass, and finally abandoning these for 
a mere lacquer coating. It is likewise evidenced 
by the shift in driving bands from all-copper, 
through a duplex band made of copper and soft 
iron, finally to an all-iron band made by powder 
metallurgy. 

Typical steel cartridge cases, such as that in 
Fig. 1, have the compositions shown in Table I. 


ion of such captured material as 
nay be desirable, with special 
emphasis on the strategic aspect, 
0 uncover hidden processes of 
nanufacture which may be help- 
ul to our industry, to disclose 
‘hanges in manufacturing proce- 


sdures, bottlenecks, and shortages 


in enemy industry”. This work 
of the War Metallurgy Committee 
on the examination of enemy 
materiel has been under the super- 
vision of C. R. Maxon, to whom 
gratetul acknowledgment is made. 

In analogous fashion, the Army 
\ir Forees examines captured air- 
craft, first from the functional and 
design point of view, and second 


from that of materials. This 
eXamination of metals used in 
enc aircraft is supplemented, 
When the facilities at Wright Field 
and elsewhere are crowded, by 


Studies by the War Metallurgy 
Committee’s group. Wright Field 
Personnel help select those speci- 
examination of which 


me the 





might produce useful information. 
For the Navy, different groups 
pass on the selection and the work 
is cleared through the Coordinator 
of Research and Development. 
The advice of the Naval Aircraft 
Factory is particularly helpful in 
selecting the vital and interesting 
parts of aircraft and engines. 

While any metal used by the 
enemy in any application may be 
presented for study, and the For- 
eign Economic Administration 
selects various miscellaneous 
objects of interest, of the 
metallurgical information obtained 
relates to ordnance of one sort or 
another, and to aircraft. 

Colonel Ritchie has suggested 
that a general survey of enemy 
matériel! from the metallurgical 
point of view might be assembled 
from the bits and pieces of infor- 
mation so far available. This arti- 
cle is an attempt to carry out his 
suggestions, and reflects the work 
done under the sponsorship of the 


most 
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. special 


Office of Scientific Research and 
Development in this field. 

NOTE The examinations 
have to be limited, lest they 
become foolishly exhaustive with- 
out being illuminating, yet must be 
complete enough to minimize the 
chances of missing important 
information. A machine gun may 
have hundreds of parts, an air- 
plane engine thousands, but not 
all of them are necessarily inform- 
ative. As the War Metallurgy 
Committee project on Enemy 
Matériel is set up, the specimens 
for examination are by 
groups of experts. The 
Services, of course, automatically 


fc) 


selected 


send in anything of particular 
interest or that needs very early 
attention. To get a suitable chron- 


ological series, the various receiv- 


ing depots or dumps are visited 


periodically by “Selection Sub- 
committees” made up of repre- 
sentatives of the Services most 
concerned, of the Foreign Eco- 





Table I— Chemical Analyses of Steel in German Cartridge Cases 





DATE | USE Gg iF S MN Si | NI Cr Mo | Cu | SN | AL T ] 


1940 | 50-mm. H.E. | 0.07 |0.013/0.022) 0.29 | 0.12 | 0.03 <0.03) tr. | 0.07 | tr. | 0.05 
1940 | 50-mm. A.P., HE. | 0.12 |0.008 |0.024 | 0.35 | 0.10 | 0.04 <0.03 | tr. | 0.15] tr. | 0.05 
1941 | 50-mm. H.E. | 0.13 |0.014 | 0.033) 0.24 | 0.10 | 0.06 <0.03 | tr. | 0.15 | 0.01 | 0.07 
1941 | 50-mm. A.P., H.E.| 0.10 |0.020/}0.047) 0.27 | 0.08 | 0.09 0.04 | 0.01 | 0.15 | 0.01 | 0.04 
1942 | 50-mm. H.E. 0.09 |0.020/0.046| 0.42 | 0.12 | 0.09 0.05 | 0.01 | 0.17 | 0.02 | 0.03 
1941 | 20-mm. H.E. 0.35 |0.02 0.02 0.40 | 0.12 | 0.06) <0.03| tr. | 0.18) tr. | 0.02 | 0.03 
1941 | 20-mm. H.E. 0.26 0.02 (0.03 | 0.44 0.12 | 0.07 0.04; tr. | 0.13 | 0.01 | 0.07 | 0.04 
1941 | 20-mm. H.E. 0.20 |0.01 |0.03 | 0.40 | 0.11 | 0.06) 0.03) tr. | 0.17 | 0.03 | 0.02 | 0.03 
1942 | 20-mm. H.E. 0.29 |0.02 [0.02 | 0.29 0.05 | 0.05 <0.03| tr. | 0.09 | 0.01 | 0.03 | 0.03 
1942 | 20-mm. H.E. | 0.24 |0.02 (0.03 | 0.44 | 0.14 | 0.04 0.04) tr. | 0.11 tr. 0.03 | 0.03 
1942 | 20-mm. H.E. | 0.26 0.02 |0.03 | 0.54 | 0.24 | 0.06 0.07) 0.01 | 0.19 | 0.02 | 0.01 | 0.02 











nomic Administration, and of the These steel cases shoy 
direct workers on the War Metal- proper variation of hardne 
lurgy Committee project. These and structure from base | 
committees advise those in charge 
as to the parts performing the 
most vital functions or otherwise 
most likely to give the most infor- ¢ been carefully done. 1 ithor 
mation for the effort expended. steel is heavily aluminufih. 4. 

In the examination of the treated. and the low residu 
selected specimens, minor parts 
are looked over for methods of 
manufacture, spark tested to indi- 
cate whether they are of alloy 
steel, and examined further if they 
seem of interest. More vital parts 
and large parts are subjected to 
spectrographic analysis and such 
chemical analyses as may be war- 
ranted, tested for hardness, and 
subjected to mechanical tests, 
where size permits and the impor- 
tance warrants. Macro-etching 
and metallography reveal much as 
to the method of manufacture and 
the heat treatment. 

Examinations are made wher- 
ever metallurgists of suitable 
background and having suitable 
equipment are available. The 
work is centered at Battelle Memo- 
rial Institute as a control point 
to which material is sent by the 
several governmental agencies and 
Army and Navy laboratories for 
analysis and appraisal. All reports 
are also cleared through the group 
at Battelle and the bulk of the 
actual examinations is carried out 
there. Much work is farmed out 
to industrial laboratories (such as 
those of the firms and groups with 
which various engineers on the 
War Metallurgy Committee are 
connected in their regular capaci- cases consisted of a 
ties), and university and institu- strike (0.0001 in.) covered 

al |: { “S 2 € sing » s 
ge ea tery ah Fig. 1— Typical German 50- 0.0002 to 0.0006 in. of brass 
particular case. The hearty coop- Mm. Cartridge Case, Made replacing a brief earlicr U 
eration of these laboratories has of Steel, and Its Primer Plug of copper-clad steel, in vhic 


considerably eased the task. the copper amounted to abot 


mouth, the deep drawing a 
annealing processes having, 


show that so-called “carb 
steel” scrap, though dou 
less specially selected for (MR par: 


purpose, had a low level 

1940 
1940 
rhe 20-mm. high expls 1941 


residuals. 


sive cases of a series rangin 1942 
from 1935 to 1942 manuf 1941 
ture were of brass. The fue !9*- 
were brass and the project 

had copper rotating band : 7 
In one 1941 shell the stei : 


case appeared, but a sle 


AU Ue 


roje 


| 
| 


rans 
ith 


bove 


fuze and copper rotatin 
band were used; in anothe 


H ul 


} 
; 


an aluminum fuze and a pow, ) 
' e 

der iron band were used. | ‘fin 
1942 this last combinatioff te 


persisted. The late steel cas 


pri 

7 

| 
i 


| 
4 


were lacquered, not bras 
plated. 

The steel in these 2(-ma 
cases analyzed according ! 
the last six lines of Table! 
It will be observed that thes 
are like the 50 mm., but? 
higher carbon. The coating 
of these particular 2\)-ml 
»ppet 


TOU 
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4 
e-tenth of the wall thick- 
DSS he brass plate is 
ore and of very little 
blu r corrosion protec- 
n, although it may have 


“ty 


ren designed to have a 
sychological value in 
aking the men in the 
id think they had brass 


ises—-but they must 


entail ahead 





Fig. 2—Cross Section 
Through Duplex Driving 
Band on German Projectile. 
Full size. Lower portion is 
body of projectile; it con- 
tains a knurled and undercut 
groove into which is cold 
rolled a ring made of 
bi-metal strip soft steel 
inside, copper outside 





re soon known better. 
nes mt present the brass coating is usually left off 


portion is aluminum-treated soft steel, very like 
that used in the cartridge cases, but with lower 
(about 0.06%), lower manganese (about 
0.15%), and lower silicon (about 0.03%). The 
band is made as a strip, not a ring, and to hold 


carbon 


the band in place, in spite of there being a joint 


Table If — Analysis and Hardness (Vickers Brinell) of Driving Bands Made of Iron Powder 





© Wd ri placed by lacquer. At one stage a phos- 
“hate treatment was applied before lacquering, 
” it lately good adhesion of lacquer is secured 
n Without it. The shift not only saves copper, but 
UVoids some steps in processing.* 

b 

Dan UsE | Cc | P S |My! S! 
| . 1940 | 50-mm. H.E. 0.07 0.03 | 0.37) 0.05 
| 1940 | 50-mm. A.P., H.E. | 0.05 0.02 | 0.02 0.29 

y 1941 | 50-mm. A.P., H.E.| 0.08 0.02 | 0.025 0.30 

Wie 1942 | 50-mm. A.P., H.E. | 0.07 | 0.01 | 0.02 | 0.06) 0.20 
fe 1941 | 50-mm. H.E. 0.09 | 0.02 | 0.025 | 0.32 

lk $ 1942 50-mm. H.E. 0.07 | 0.01 0.02 (0.29| 0.12 


NI Cr Mo Cu SN Al Ti | HARDNESS 
0.05 0.03) 0.01 | 0.12 | 0.03 | 0.02 | 0.01 58 
0.04 0.03 56 
0.06 0.03 0.32 61 
0.04 <0.03|) tr. | 0.03 tr. | 0.04 | 0.02 57 
0.06 0.03 61 
0.03 0.03; tr. | 0.07 (0.005) 0.05 | tr. 62 















The driving bands on 
through a 


Iron Driving Bands 
rojectiles, originally copper, went 
ransilion stage in which a duplex band was used, 
‘ith soft iron in the groove and copper extending 
bove the surface of the projectile. In this way 
he part of the band that engages the lands or 
iling, and is engraved, is all copper, so the gun 
The soft “iron” 


I tte 


~t 


BPO Meet 


houldn’t know any difference. 


in it, the groove is heavily knurled and undercut 
as shown in Fig. 2. The banding is a nice job, 
the joint is not evident to the eye and the bands 
The 
iron part is appreciably cold worked by the band- 


hold on quite as well as the all-copper ring. 


ing operation. 

Considerable extra effort, in making the 
duplex strip, in cutting it to very exact length, 
and in altering the banding 





Sn eS ee 


technique, was expended in 
order to save half the copper 
that used 


otherwise. 


would have been 

There was a will to save 
all the copper, not merely half 
of it; so that final step was to 
a sintered band of powder 
iron. A pair of such bands in 
place on a shell is shown in 


*EpiTtor’s Nore A more 








3 — Section of German Projectile Having Two Driving Bands 


Pressed of Iron Powder, Sintered, and Cold Rolled Into Place 


complete description of the metal 
in German steel cartridge cases 
will be published in the next 
issue of Metal Progress. 
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Fig. 3. 
metal to flow, the shell is relieved slightly just 
above the band. The knurling and the undercut 
are much the same as with the duplex band, but 
the band is made as a ring since it would not 
stand forming up from strip. 
typical iron powder bands are in Table II. 

Some observers have termed the powder used 
in making the bands “electrolytic iron”, but it is 
obviously derived from the same sort of steel 
used in the cartridge cases. One would ordinarily 
expect that mill scale (or thin scrap intentionally 
oxidized to the equivalent of mill scale) would 


In order to give room for the displaced 


Composition of 


be used because of the ease of grinding it to fine 
powder, the oxide then being reduced by hydro- 
gen in the usual way. This may be what is done, 
but it seems equally possible that very fine chips 
of the cartridge steel are collected, 
pressed and sintered, thus being used direct with- 
out the work of converting the steel to a pulveru- 
lent oxide and reducing it back to metal. 

The band has a variable amount of 
usually about 20%, and this porosity makes the 
apparent hardness lower than the actual hardness 
of the iron particles. To prevent the corrosion 
that would otherwise be met, the voids that reach 
the surface are filled with paraffin, usually less 
than 2% by weight. The band is pressed and 
only lightly sintered, just enough to make it hold 
together in seating the band. Once the band is 
in place it withstands the compressive and shear 
stresses of service, but when pried off with a 


nase sized, 


voids, 


chisel it breaks into several pieces. 

Most engineers and metallurgists would turn 
thumbs down on such a material for such use on 
the score of brittleness, but the Germans are not 
worried by properties that look bad but do not 
prevent satisfactory service. Much hesitation in 
the adoption of such a band might 
expected through fear of barrel wear, from rub- 
bing iron against steel. No data are at hand on 
whether the band causes increased barrel wear 
or not; if it does, the Germans put up with it in 
order to conserve copper. 

Nickel has long been in very short supply in 
Germany. Projectiles of the type that are 
quenched and tempered, and armor made in 1937- 
1939 were more or less regularly of the 3% Ni, 
34 Cr, % Mo type, but a strong movement toward 
omitting the nickel and raising the chromium 
had been carried on for a long time before that. 
Pomp and Hempel® presented arguments and 
much experimental evidence in 1937 for replac- 
ing nickel with other alloying elements. 

Houdremont’ (of Krupp) described the prac- 
tice of one alloy steel works in Germany from 
which it appears that in 1931-32 (a period of low 


also be 


production of one steel used for carburi Ing wy 
heat lreatment) two out of four (unstated) yy 
were of Ni and Ni-Cr steels taken together, » 
the other two of sparstoffarmen Cr-Mo Siq 
whereas in 1935-36 the production was 5: 

of which eight were Ni and Ni-Cr steels ang: 
Cr-Mo steels. Concurrently, the average nie; 
content fell from 2.3% in 1929-30 to 0.5: 
1935-36. He also comments on lowering tungs 
and raising molybdenum and vanadium in hi; 
speed steel, as though the latter two were expec 
to be more obtainable. 

Italy was developing a similar point of vie 
Masi’ in 1939 discussed manganese, chromiyy 
manganese, and chromium-molybdenum steels ; 
acceptable substitutes for those with less availab 
alloying elements. 

For ten years German metallurgists hay 
been determining the properties and working | 
the technique of handling these steels. Ther 
widespread use in Germany is evidenced by suc 
articles as that by Balster and Ejilender® who dis 
cuss manganese-chromium steels, with or withou 
molybdenum, vanadium and extra silicon in hes 
treatable steels for service in heavy truck engine 

An example which brings out the low lew 
of residual nickel in the scrap used in making th 
chromium steels is the 2-in. diameter torsion bai 
used in the suspension of the PzKpfw III tan! 
This steel, quenched and tempered to a Brine 
range of 400 to 500 on the outside of the ba 
contained 0.50 to 0.60 C, 0.20 to 0.380% Si, 06 
to 0.90% Mn, 0.65 to 1.20% Cr, none to 0.25% \ 
none to 0.20% Mo, 0.10 to 0.20% V, and abou 
0.100% Cu that is, it was essentially a chro 
mium-vanadium When the nickel! a 
molybdenum were at appreciable levels, the chro 
mium tended toward the lower end of the rang 


steel. 


German Armor 


Early aircraft armor sometimes containe( 
nickel. It was reported by Staffartde!® that the 
thin armor on Dornier was of the two following 
compositions: 

MESSER- 
SCHMIDpT 10! 
0.46 
0.60 


DoORNIER 
SAMPLE A SAMPLE B 

Cc 0.30% 0.49% 

Si 1.33 0.96 

Ni 1.13 

(ir 1.08 

Mo 


1.35 


0.55 


1.49 
0.23 


Later German armor, whatever its thickness 
and whether it is homogeneous, flame-harceneé 
or carburized, consistently relies on chromium 
and molybdenum as the main alloying elements 
For example, Ritchie" cites tank armor compos 
tions as shown at the top of the next colum: 
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German Tank Armor 


TIGER PzKprw III 
irbon 0.50% 0.44% 

silicon 0.25 
Nickel pares tr. 
Chromium 2.50 1.30 
Molybdenum 0.60 0.50 
Vanadium 0.17 

0.18 


Copper 









Ritchie also comments on the late use of two 
hin face-hardened plates separated 4 to 6 in. 
yy spacers, instead of one thick plate. Laminated 
armor is not liked by many authorities as well as 
@, single, thick plate, although there are data to 
indicate that, while not giving the advantage 
xpected by some theorists, it comes pretty close 
to acting as well as a single plate, other things 
being equal. But, in order to make other things 
equal, a thick single plate must be hardened 
through-hardening in 
whereas 


- eteaty 


© Seat EAD cmt ta 


ye, < 


through, and to secure 


heavy plate, alloys have to be piled in 


Table Ill — Analyses of Czech and German Tank 


quenching cannot be avoided, even when the steel 
contains lots of alloy. 

In most German armor the chromium 
run from 1 to 242%, the molybdenum from ‘2 to 
nearly *4%%, but the common figure is 1.5% Cr, 
0.25 to 0.50% Mo. When the chromium is down 
to 1%, silicon may be boosted to 1 
but more commonly the manganese is raised to 
1% or above. If vanadium is used it is generally 
at about 0.20%, but it may be absent. Molybde- 
num is almost invariably present in much more 
than residual amounts. Nickel is present only as 
residual from scrap. In a few cases it may run 
0.25 or even 0.40%, but in many more it hovers 
around 0.15%, and often only a mere trace is 


may 


“% or above, 


present. 
In the normal, 
residuals in alloy scrap one would expect to find, 


world-wide condition as to 
even in the chromium-molybdenum armor, nickel 


at the levels in the analyses of Czech tank armor 





ARMOR c P S MN 
Czech %-in. 0.42 (0.012 0.011 0.98 
Czech %-in. 0.45 0.017 0.010 0.99 
Czech 2-in. 0.49 0.012/0.023 > 0.74 
Czech 2-in. 0.50 0.007 0.013) 1.20 
German flame- 

hardened, 32-mm. | 0.50 0.007 /0.020) 0.66 
German 17-mm.* 0.51 0.011'0.019 0.64 
German 1%-in. 0.48 | — |0.010) 1.06 





Armor 
SI NI Cr Mo V C1 SN Al 
1.10 0.25 1.12 | 0.04 | 0.03 | 0.17 | 0.02 (0.005 
1.10 0.37 1.20 0.08 | 0.04 | 0.25) 0.04 0.01 
0.43 0.55 1.52. 0.31 tr. 0.18 | 0.04 (0.01 
0.54 0.27 1.63 | 0.30 0.07 | 0.22 0.04 |0.01 
0.25 | 0.14 1.51 | 0.58 | 0.20 | 0.12 | 0.04 |0.02 
0.25 0.11 1.43 |) 0.61 | 0.20 | 0.07 | 0.02 (0.02 
0.48 0.06 0.77 | 0.33 | 0.20 | 0.12 0.01 











*From PzKwlll. 


thinner plate requires much less alloy for harden- 
From the point of view of alloy conserva- 
tion, it makes sense to use a pack of relatively 
thin plates of low alloy steel rather than a single 
heavy plate, but it would be quite a trick to avoid 
Warpage during heat treatment, so that a neat 
pac! 


ability. 


can be made. 
In view of the doubtful value of mere spac- 
of the plates, it seems likely that the real 


“Se NE AO et Ei ee TFET 


German purpose in using two plates separated by 
spacers was to save alloy by avoiding a single 
heavy plate. The stunt of limiting the plate thick- 
ness to that which avoids slack-quenching of a 
Steel with a limited amount of alloy, and using 
more than one such plate instead of a single thick 
5 ° looks to be good conservation-engineering, 


and worthy of emulation when alloys need saving, 
or when the armor gets so thick that slack- 


pets 





listed in the first four lines of Table IIL. However, 
the German armor, as shown in the remainder of 
Table III, runs consistently lower in nickel. 

The low carbon weld metal on this tank con- 
tained 2% Ni, 14%, Cr, 0.99% W. The weld was 
very poor, but the German design does not rely 
on the welding to hold the plates together, the 
weld being more for sealing than for strength. 

According to a Watertown Arsenal report, 
the 1'4-in. platés from a PzKw IV tank showed 


0.40% C, 0.30 to 0.60% Ni, 2.5° Cr, 0.17% Mo, 
0.02% Al, no V, and 0.0015% B. The molybde- 
num has been decreased from that found in 


earlier samples. The boron figure may mean that 
the Germans are playing with “needling” (“inten- 
sifiers” or “reaction alloys”), although there was 
steel has 


no need for it in this instance as the 


ample hardenability for the section without it. 
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However, analysis for boron in such small 
amounts is difficult and one hardly knows just 
how much faith to put in the analytical data 
unless very special precautions are taken to verify 
the figures. 


German Projectiles 


There are many types, sizes, and designs of 
shells and projectiles. In some of them the prop- 
erties are not very important, so they may not 
even be heat treated and require only carbon steel. 
Others have very special requirements for deep 
hardening properties and are given very careful 
heat treatment. In the carbon steel type the 
residual nickel and other elements making for 
hardenability run very low, as though scrap were 
very carefully segregated and all the alloy scrap 
worked back only into other alloy steel charges. 
Some of the steels used in as-forged or normalized 
condition analyzed as shown in Table IV. 

While plenty of scrap was used (as shown 
by the copper and tin residuals) nickel does not 
go above 0.10% except in the first 20-mm. shell 
of 1941 listed, in which the chromium is almost 
as high as the nickel. The 1936 37-mm. H.E. 
projectile probably had an intentional addition 
of molybdenum. The high manganese steels used 
in 1937-39 have been reduced to 0.55 to 0.65% Mn 
in the later years. On the whole, residual alloys 
that make for hardenability are low in these plain 
carbon steels. 

One would expect, with the obviously careful 
segregation of the carbon steel scrap from the 


sought the composition might indicate use of th 
residuals to help secure hardenability. 

Armor-Piercing Shell — A projectile in whig 
hardenability is necessary and to which very carp. 
ful heat treatment is applied is the armor-pierei, 
type. This projectile has a mild steel sheet wing. 
shield, spot welded to a “penetrating cap”, whig 
in turn is soldered to a projectile body that \ 
very hard at the nose and much softer at the bay 

On oblique impact, the penetrating cap \ 
supposed to break through the hardened zone 
face-hardened armor before the cap cracks y 
and flies out of the way. The hard, sharp, nox 
of the projectile proper digs further into th 
armor before it in turn cracks up. The tougher 
body and base of the projectile should Stay 
together and act as a flat-nosed punch. If th 
body spalled off so as still to be conical, it would 
be more likely to slide off than to penetrate. T 
increase the probability of spalling on a more or 
less straight line, the Germans have welded a high 
carbon tip to a lower carbon base. 

A hardness survey of a one-piece projectile 
and its penetrating cap is shown in Fig. 4 anda 
duplex welded one in Fig. 5. (For the latter, see 
also Fig. 6.) The way the two tend to crack wy 
is shown by the grinding and etching cracks 
developed in sectioning and etching them. The 
projectile bodies are probably uniformly quenched 
and differentially tempered (base drawn at high 
temperature, with the temperature tapering 
toward the tip). To avoid quenching cracks the 
hardenability of tip and base should be closely 
the same, and the weld must be perfect. 


alloy steel scrap, that when hardenability is The introduction of the welded armor-pierc- 


Table IV — Chemical Analyses of German Projectiles of Carbon Steel, Not Heat Treated 





P| s | My | St | Nr | Gr Mo | 








1940 15-cm. Anti- concrete 
projectile body 
1939 15-cm. projectile body 


0.024 0.83 0.30 | 0.04 | 0.09 | 0.02 
0.034 | 1.05 | 0.36 | 0.08 | 0.03 | tr. 
1936 37-mm. H.E. projectile body . 0.60 | 0.23 0.09 | 0.09 | 0.17 
1940 | 37-mm. H.E. projectile body 0.64 | 0.22 0.10 | 0.09 tr. 
1940 | 50-mm. H.E. projectile body 0.66 0.65 0.11 0.04 0.05 tr. 
1940 | 50-mm.H.E. projectile body | 0.60 .0! 0.02 0.69 | 0.24 0.05 0.09 | 0.01 
1942 | 50-mm.H.E. projectile body | 0.72 | 0.07 | 0.03 | 0.47 | 0.38 | 0.04 | 0.11 | tr. 
1942 | 50-mm.H.E. projectile body | 0.75 | 0.07 | 0.045) 0.78 | 0.38 | 0.05 | tr. | tr. | 0.05) tr 

? 8.8-cm. H.E. shell body 0.67 | 0.046 | 0.039 | 0.52 0.36 0.05 | 0.03 tr. 03 tr 
1938 75-mm. H.E., hollow charge 0.74 | 0.09 0.088 | 0.59 0.33 0.05 0.02 tr. f 0.01 
1935 20-mm. H.E. projectile | 0.45 | 0.02 | 0.14 0.73 0.35 0.05 0.12 tr. 0.12 | 0.04 
1937 | 20-mm. H.E. projectile | 0.52 | 0.015 | 0.03 0.56 | 0.26 | 0.03 | 0.03 tr. : | 0.015 
1937 20-mm. H.E. projectile | 0.55 | 0.023 | 0.028 | 1.10 | 0.37 | 0.10 0.05 tr. : 0.01 
1939 | 20-mm. H.E. projectile | 0.62 | 0.015 | 0.029 | 1.04 0.43 | 0. | 0.04 0.01 | 0.2 0.01 
1941 20-mm. H.E. projectile 0.59 | 0.076 | 0.047 | 0.57 | 0.30 0.23 | 0.19 | 0.04 | 0. 0.06 
1941 20-mm. H.E. projectile 0.63 | 0.05 0.028 | 0.38 0.12 0.06 0.07 tr. ; 0.03 
1942 | 20-mm. H.E. projectile 0.50 | 0.06 0.04 0.65 0.32 0.09 0.09 | tr. J 0.025 





YEAR TYPE | ¢ 
| 
| 





1942 | 20-mm. H.E. projectile 0.65 | 0.04 0.04 0.60 0.30 0.09 0.05 tr. 3 0.05 


0.022 | 0.052 | 0.55 | 0.23 | 0.06 | 0.09 | 0.01 . 0.04 




















1942 20-mm. H.E. projectile 0.51 


-—_ 
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g projectile illustrates the length to which the 
»rmans will go to achieve a desired result. It 
ems to be a question in the minds of American 


dnance experts whether the welded projectile 
ns a real advantage over a solid one of proper 





Fig. § 


Hardness Survey Across Diameter of 
German 75-Mm. Armor Piercing, Capped Pro- 
jectile, FMAM-289, Projectile Body Itself Being 
Welded of Two Pieces, 
Rolled Bar Base. 


a Forged Tip and a 


Cap has been flame hardened 





»rdenability, with proper differential heat treat- 


ent, 


but the Germans do think it has an advantage. 


This 


elding job is no easy matter; the forged tip would have to be 





























held in a special electrode 
fixture, the rolled base in 
another, with special pre- 
cautions to get good elec- 
trical contact for the very 
high amperage required. 
The butt-welding equip- 












































ment, to apply the pres- 
sure and generate the 
power needed to make 
the weld, would be decid- 
edly expensive. Such -| - o707- 9699 o5i4 ' t 
equipment has been made — 0698: S649 + 0464 + +—+ 
available for the various I. 743. 0690-4 9468 ' +t 
sizes of projectile to allow + -€724- $657 + 9441 + —t / 
this fussy extra step in) [> -9 642-0542 9464+ + + + 1 
production. Macro-etched 4 -0572- b52'5 + o4g¢ or on oe oe | 
sections of this type of +|- 47e- 6530-0493 | rT 
projectile are shown in i} 948s rrititerittt Tt 
673 630 Fig. 6, page 299. 7 oSte- 0542 if | T | 
_ ers A beautiful welding | ee er | | 
: job has been done on the 
projectiles that are put | 2542 i978 | 
724 657 - , ; t 0488 o566- t 
in service. Anything less 0548 oss |_| 
548 than a perfect weld might | | |i 
657 : 4 - 0566 6450 | 
well cause cracking dur- | | 0530 433 |. | | 
585 464 ing quenching. | -0493 0448 - tt 
The chronology of | - 0457 $446 } |_| = 
this class of projectiles is | - 0442 0397 i ‘ear 
a interesting. Back in the | 4 0464 0464 . ad 
© era of copper driving = $433 $421 _| = 
© bands, some of the +++ $409 442! ! } | = 
: unwelded projectiles and | -0421- 0357 ——+-}+ } 
their penetrative caps | ~\111f | : | 
were of steel containing it itt 
| 3 around 0.40% C, 3% to —_— 
} 4% Ni, 1% Cr and any- 
] where from 0.05 to 0.55% Mo, while others were high chromium 
_oser"| 1.571" steel (1% C, 14%2% Cr, with only traces of nickel). Then the 


—————— 





Fig. 4— Hardness Survey Across Diameter of 
German 88-Mm. Armor Piercing, Capped Pro- 
jectile. Vickers diamond hardness, 10-kg. load 


=. 





projectile, in the era of duplex driving bands, had 
about 0.60% carbon, 0.80% silicon, 0.90% man- 
ganese, 1 to 142% chromium, 0.30 to 0.50% nickel 
and only small amounts of molybdenum (the last 
two residual). 
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The carbon in some unwelded projectiles 
then rose to 1% with, say, 1.35% Cr, 0.05 to 0.40% 
Ni residual, 0 to 0.20% V. The cap stayed around 
the 0.45% C level, usually having 142% Cr. 

Uncapped, solid, unwelded, 20-mm. A.P. shot 
differentially tempered and made from chromium 
steel show the analyses given in Table V. The 
use of the very high carbon, high chromium steel 
of the 1939 projectile seems to have been tem- 
porary and in recent years a return was made to 
the 1938 composition. 

A 105-mm. armor-piercing, capped, ballis- 
tically-capped, unwelded, differentially tempered 
round made in 1941 still carried a copper rotat- 
ing band. The cap and projectile body analyzed 
as shown in the middle of Table V, and in this 
instance the chromium is bolstered up by extra 
manganese and silicon. 

During the duplex driving band era _ the 
came in, apparently because the 
at the tip, for which 1% carbon 


welded projectile 
desired hardness 


Table V — Analyses 


of Heat Treated Armor-Piercing Projectiles 



















and an appreciable amount of nickel were prey 
together. When the steel was fairly high ip, 
molybdenum and vanadium, the chromium y 
often lowered, say 1.15%, but the 
nickel did not appear to be taken into acco 

The same shell might have vanadium by 
molybdenum in the cap; no molybdenum 
vanadium in the tip; and 0.20% molybdenum} 
no vanadium, or both molybdenum and vanadj 
in the base — or any other combination. It seg 
as though the Germans liked to use molybden 
or vanadium, and perhaps would prefer by 
together, and used them when they were ayy 
able, but got along without them when they we 
not. In some 75-mm. Pak 40 A.P., C., B.C. projy 
tiles of this type, dated 1942, the cap is pl 
carbon steel and the nose and base of the usy 
high chromium steel, but without molybdeny 
thus indicating a growing tendency to save | 
latter metal at that time. 

Another type of armor-piercing project 


to resid: 

















Year Type C Pp | s | Mn | St | Nr | Cr | Mo | Cu | Sw 
Uncapped, Solid, Unwelded, 20-Mm. ‘Armor-Piercing Shot, Differentially Tempered 
1938 German | 0.93 0.016 0.028 0.38 0.18 0.09 1.25 0.07 | 0.17 | 0.04 0.005 
1939 German 2.15 0.018 0.010 0.21 0.45 0.10 3.28 tr. 0.19 | 0.06 0.015 
1941 Italian 1.01 0.014 0.012 0.50 0.25 0.16 1.71 tr. 0.02 0.02 0.006 
1942 German 0.89 0.019 0.035 0.94 0.34 0.06 1.16 tr. 0.28 0.04 0.011 
105-Mm. Armor-Piercing Capped, Ballistic-Capped, Unwelded, Differentially Tempered 
1941 Cap 0.53 0.023 0.027 1.02 0.73 0.10 | 1.00 0.04 | 0.19 0.02 0.01 
1941 Body 0.54 0.025 0.025 | 1.14 0.78 0.08 1.21 0.05 0.18 | 0.03 0.01 
Welded 50-Mm. Armor-Piercing, High Explosive Shell 

1940 Nose 0.98 0.011 0.011 0.30 0.21 0.11 1.38 0.02 0.18 0.05 0.01 
1940 Base 0.32 0.018 0.010 0.66 0.25 0.15 1.12 0.17 0.16 tr. 0.01 
1941 Nose 1.01 0.010 0.007 0.37 0.28 0.08 1.33 0.02 0.16 0.02 0.02 
1941 Base 0.30 0.021 0.018 0.70 0.27 0.12 1.09 0.33 0.17 0.04 0.01 0.07 





was considered essential, was incompatible with 
the desired toughness at the base, especially in 
the larger caliber projectiles; consequently the 
was held at 1% and the at 
around 0.40%, both with about 14%4.° chromium. 
The caps might be the 342% Ni, 1% Cr type or 
the plain 142% Cr steel, quenched and differen- 
tially tempered or, as in Fig. 5, of carbon steel 
flame-hardened on the end. 

The residual nickel varied, in the cap, nose, 
and base, from a mere trace to 0.5%, but more 
generally was not over 0.10%. Great variability 
was shown in molybdenum and vanadium. Some- 
times no molybdenum at all was present, some- 
times it was 0.07 to 0.13% — probably residual 
— at others 0.20% or above, which, accompanied 
by low nickel, indicated an intentional addition. 
Vanadium was either absent, or at anything up 
to 0.20%; sometimes this amount of vanadium 


nose carbon base 
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lacks the penetrating cap, but — like those ds 


cussed above has the nose welded to the bas 
Welded 50-mm. armor-piercing, high explosit 
projectiles were made of the steels shown in th 
bottom four lines of Table V. 

That plenty of scrap was used in the meltix 
of this steel is shown by the residual copper an 
tin, but the low nickel indicates that what allo 
used may have been of chromiu® 
molybdenum steel from which the residu 
molybdenum was utilized — although the base ¢ 
the shell dated 1941 doubtless had an intention 
Nevertheless, moly> 


scrap Was 





addition of molybdenum. 
denum-bearing scrap is evidently not allowed! 
drift into general scrap, as the generally |" 
residual amount of this element shows. 

This fact, together with the low le 
nickel in non-alloyed steels and the comp: 
rarity of much over 0.10 to 0.15% nickel e 
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Fig. 6 — Macro-Etched Sections of Duplex Welded A.P. Projectiles, 50-Mm. 
Caliber, Show Perfect Welds But Many Quench Cracks in Hard Nose 
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alloy steels, argues that the Germans are in no 
position to fall back on a reservoir of residual 
nickel and molybdenum in their scrap so as to 
produce analogues to our NE steels. Instead, 
they build up their alloy steels on a chromium 
basis, with a strong tendency to use molybdenum 
as an auxiliary element. Manganese, too, is 
obviously used as an alternate to chromium. 

Manganese is not so prominent in the Ger- 
man alloy picture as chromium, and there appears 
to be some effort to hold it to the lowest practical 
level consistent with the metallurgical results 
aimed at — as though the Germans had, at most 
times, somewhat more need to conserve manga- 
nese than chromium; however, this effort is not 
always made. 

Silicon may be raised to a definitely alloying 
amount as another partial alternate alloy, and is 
so used often enough to show that its use is 
understood, but rarely enough to indicate that 
such use may not be too popular and perhaps 
something of a last resort. 

The use of vanadium in these projectiles is 
spotty. Some iron ores which have been available 
to the Germans carry small amounts of vanadium, 
most of which is recovered from the pig iron by 
slagging off in a converter or mixer.?!: The vana- 
dium is recovered from the slag by special meth- 
ods that must make the metal very expensive in 
man-hours. The supply of vanadium from this 
source probably fluctuates and this fluctuation 
may account for the erratic way in which it 
appears or fails to appear in the finished steel. 
When it does appear, it is often in a surprisingly 
high amount for the type of steel under study. 


Projectiles With Tungsten Carbide Cores 


The general use of molybdenum in what we 
would term high proportions and the occasional 
lavish use of vanadium suggest that the Germans 
have very adequate supplies or stockpiles of 
tungsten for high speed toolsteels and carbide 
tools. Certainly the most vital role of tungsten 
is in these cutting tools which so vastly speed-up 
machine shop production. If tungsten is scarce 
enough so that much conservation of and substi- 
tution for it in high speed toolsteel were neces- 
sary, this would be accomplished by raising the 
vanadium content and substituting molybdenum 
for part of the tungsten — expedients which we 
in America adopted early in the war, and with 
which German metallurgists are well acquainted. 

But the Germans have had tungsten to shoot 
away, for certain very high velocity armor-pierc- 
ing projectiles carry a core made of tungsten 
carbide! The extreme hardness of tungsten car- 


bide gives penetrating power, if the impact of 
projectile has enough energy behind i|. 4, 
“push” is the product of mass times the squy, 
of the velocity; so mass is important even at hig 
velocity, and to get mass in a small projecty 
the projectile has to have high density, ay 
tungsten carbide has that. 

The 76.2-mm. shot of this sort is of conye 
tional exterior, with a steel body carrying a dry 
ing band, and topped by a thin aluminum ally 
ballistic cap. Back of this ballistic cap is anoth 
ballistic shape, of molded plastic, which not on) 
provides a pointed ballistic tip but also fills th 
space between the shell body and another tubuly 
steel fitting, screwed into the base of the bog 
proper, and holding the back end of the tungste 
carbide core. 

The 47 or 50-mm. armor-piercing shot (an 
those of somewhat smaller caliber, as the 37-mm. 
have what amounts to two driving bands in th 
form of projections on the steel projectile bod 
Those used in the usual type of barrel have th 
front projection as a prolongation of the arroy. 
head shape of the cap; the rear projection js 
normal to the axis and slightly relieved in th 
middle of the projection, as shown in example 
163 and 164 of Fig. 7. The steel bodies have 0.) 
to 0.12% C, 0.50 to 0.70% Mn, and a trace of § 
This steel is aluminum-killed and carries lov 
residuals (about 0.04% Ni, 0.05% Cu, and onl 
traces of others). Sulphur and phosphorus ar 
sometimes low, but more generally the steel is: 
free-machining type with 0.04 to 0.06° P, ané 
0.20 to 0.30% S. 

The base of the tungsten carbide core resi 
in a hollow in the steel body, its tip in a ca 
which may be either plastic or an aluminun 
alloy. When aluminum is used, the materia 
appears to be remelted duralumin-type scrap 
with the addition of somewhere around 0.5% @ 
either lead or bismuth (or both) for free-machir- 
ing properties. 

There is also a 20-mm. Solothurn armor 
piercing shot in which the tungsten carbide cor 
is embedded in a duralumin-type body equippeé 
with a driving band. 

The most interesting projectile of this get 
eral type is that shown at the top of Fig. ' 
(samples No. 155 and 159) for use in the 
28/20-mm. tapered bore Gerlich high velocit! 
gun. (This gun has a 28-mm. bore at the breee! 
tapering to 20 mm. at the muzzle.) The “drivin 
bands” of the steel projectile body are designe 
to close in, umbrella fashion, as the projectil 
passes through the bore. Both front anc rea 
“bands” are, therefore, given arrowhead shape 
The front one has a few holes in it to le! §® 
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Vig. 7—German Arrowhead Projectile With 
lungsten Carbide Cores. Wings act as driving 
ands. Samples 155 and 159 are shot for the 
rerlich 28/20-mm. taper-bore, high velocity gun 
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escape as the flange closes down on the 
body. The nose of the projectile is 
sometimes made of magnesium. 

One would suspect rapid wear of 
the gun bore with solid iron “driving 
bands” rubbing against the ordinary 
barrel, and, of course, terrifically rapid 
wear in the taper-bored Gerlich gun. 
Possibly the high sulphur content of the 
steel bodies, of which these “bands” 
form a part, may tend to mitigate galling 
of the barrel, as well as provide machin- 
ability. 

A Gerlich 28/20-mm. barrel made 
in 1941, in which an unknown number 
of rounds had been fired, but in which 
the metallographic examination of the 
“white layer” indicated that erosion was 
not progressing very badly, contained 
0.38% C, 0.029% P, 0.027% S, 0.57% Mn, 
0.25% Si, 0.385% Ni, 2.29% Cr, 0.27% Mo, 
0.15% Cu, 0.05% Sn, and a trace of alu- 
minum. Here again we have the familiar 
chromium-molybdenum steel, this time 
with very high chromium. The barrel 
showed 105,000 to 110,000-psi. yield 
strength, 137,500-psi. tensile strength, 
20% elongation, 60% reduction in area, 
and had been heat treated to around 200 
to 250 Vickers hardness. In the used 
condition, the hardness increased pro- 
gressively along the bore, the lands at 
the muzzle going up to 300 to 330 Vickers, 
probably by cold working in use. 

The tungsten carbide cores are quite 
different from the usual sintered carbide 
tool or wire-drawing die. They are far 
too brittle for use as tools, but with the 
base embedded in and reinforced by the 
steel socket and the tip covered with 
plastic or aluminum until it reaches the 
armor, the core evidently stands up 
under the high velocity impact long 
enough‘ to penetrate — although if 
unsupported and stressed at a lower 
velocity it would crumble. The Germans 
do not care how brittle a driving band 
or a carbide core may be under tests that 
do not duplicate service. Once they find 
that something really works in service, 
the results of non-representative tests do 
not deter them from trying it. 
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Table VI — German Steels Used in Heavy Machine Guns and Automatic Rifles 


Cr | Mo 





CALIBER AND MARK C P S MN | NI Cu | SN Al 


DATE Sr | 


| 

| 0.17 | 0.03 | 0.00 
0.20 | 0.05 | 0.01 

0.19 | 0.05 | 0.005 

0.005 


1.14 | 0.24 
2.08 | 0.31 
1.92 | 0.30 | 
1.16 


2.46 
0.14 
0.27 
2.48 


0.21 
0.21 
0.26 
0.29 


0.007 | 0.006 | 
0.023 | 0.021 | 0.66 
0.202 | 0.012 0.54 
0.016 | 0.088 | 0.34 | 


0.67 
0.38 
0.32 
0.36 


1942 | 13 mm., MG 131 
? | 15 mm., MG 151/15 
? | 20 mm., MG 151/20 


0.36 | 


| 0.32 | 0.23 | 0.02 





1941 | 20-mm. Oerlikon 





The carbide cores were originally made by 
powder metallurgical and sintering methods 
analogous to those used for carbide tools, 
although the amount of admixed metal binder 
was much smaller, and the usual binder for car- 
bide tools (cobalt) was not used. 

At first the metal binder was mostly nickel 
(0.75 to 2.5% of the entire mass) with a little 
iron. The Germans were apparently willing to 
shoot away lots of tungsten but they may have 
begrudged 1% nickel, even though brass cartridge 
cases were used for this class of ammunition, 
and copper driving bands were the rule — the 
ammunition being valuable enough to justify tak- 
ing no chances on rusting. The 1940 cores in 
various sizes had 92 to 94% tungsten with only 
of columbium, 
about 454% carbon, ™% 


a trace 


Table VII 


cores but could not prevent the continued use ¢ 
carbide tools and high speed steels. Moreoye 
the rather lavish use of molybdenum indicatg 
that that stockpile also was huge and could } 
called upon to eke out the tungsten necessary fy 
high speed steel. Molybdenum is not lost j 
remelting, and all of this metal in the sery 
revolves without loss. 7 

The amount of chromium used in the hey 
treatable steels is high. Much of the chromiyn 
is lost on remelting in the openhearth 
electric melting, but still appreciable. 
there is a vast stock of chromium in storage, cut- 
ting off the imports might make it a bit difficul 
They would eke ou! 


less I! 


Unless 


for German metallurgists. 
a shortage of chromium by molybdenum and }y 


Steels Used in German Field Guns 





to 1%% nickel, % to 
14%,% iron. They had a 
density of 15.6 to 15.9, 
and a Rockwell hard- 
ness of A-80 to 92. 
Finally, in 1941 and 
1942 a carbide 


core was made in which 


DATE CALIBER C 
50 mm. 
50 mm. 
50 mm, 

170 mm. 

(a) 47 mm, 
| (b) Tube 

(b) Jacket 


1941 
1942 
1942 
1942 
1942 
1937 
1937 


“cast” 





0.38 
0.41 
0.38 
0.41 
0.34 
0.32 
0.38 


P S Si MN NI Cr Mo | Cu 
0.13 
0.32 
0.35 
0.34 
0.31 | 0.11 
0.32; ‘3 


0.06 | 0.04 


0.17 
0.10 
0.13 
0.08 


2.63 
9” 


41 


0.20 
0.05 | 2. 
0.65 | 2. 
1.57 | 2.75 
3.00 | 1.00 
2.44 | 1.39 
0.29 | 1.20 


0.68 
0.66 
0.44 
0.51 
0.53 
0.46 
0.42 


0.30 
0.31 
0.40 
0.29 
0.31 
0.44 
0.42 


0.04 
0.02 
0.02 | 
0.02 | 
0.02 
0.03 
0.02 


0.03 
0.02 
0.01 
0.02 
0.01 
0.02 
0.03 


0.1] 








no nickel was used; the 
tungsten ran about 
9342%, the columbium 
1.75 to 2.75%, the car- 
bon about 4%, the iron % to 14%, the density 
15.4 to 15.8, and the Rockwell hardness A-86 to 
91. The “cast” cores were excessively brittle, and 
contained not only the compound WC but also 
some W.C. This “casting” is doubtless not melt- 
ing and pouring, but melting down the ingredients 
by are or induction heating into a bullet-shaped 


(a) Czech gun. 


graphite mold. 

It is well 
wire drawing dies, that 
brittle than the bonded and sintered type, but 
experience probably showed that brittleness was 
of little moment in this use, and production was 
probably facilitated by going to the “cast” type. 

From this lavish use of tungsten, from which 
there is no scrap recovery, it seems probable that 
the reserve stock of tungsten was so huge that 
cutting off incoming shipments might affect the 
continued production of armor-piercing carbide 


known, as Hinnuber' shows for 
more 


‘ 


‘cast” carbide is 


(b) Watertown 
tured and used by the Germans. 


Arsenal data on Russian 76-mm. tub: 


increasing the manganese in their steels as lon; 
as these alloying metals are available, and the 
could turn to silicon in a pinch. They might 
resort to “needling” — that is, to boron additions 
to increase hardenability, but how far they hav 
advanced in knowledge of the use of boron is De 
known. What they do know does not get pub 
lished in current technical literature. 


Metal in German Guns 


Rifles The Germans, of course, use allo! 
steel for certain gun parts, and it is of interest! 
examine how far the tendencies and changes 
analyses, commented on above as indicated )! 
armor and ammunition, hold true in guns. [0 
Mauser rifle (7.92-mm. Markiner 98K) made 
1941, all parts, including the barrel, were o! ca” 
bon steel with residuals of 0.06 to 0.11% Ni, °."- 
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0.2 Cr, 0.01 to 0.12% Mo, 0.03 to 0.30% Cu, 
d trace to 0.06% Sn. Despite the large amount 
machining on many parts of relative unim- 
brta no free-machining steels were used. 
any parts that could well be made by stamping 
re machined out of the solid. A plywood stock 
is U ed. 

A semi-automatic rifle of 1941 — 7.92-mm. 
pwehr 41 (W)— showed much the same situa- 
yn, having no alloy steels and low residuals. 

Machine Guns — A 1941 MG-34 machine gun 
as a few bolts of cold drawn steel, a few stamp- 
gs, and a carbon steel barrel, all with low 
siduals. The bulk of all the some 200 parts in 
be gun were, likewise, of ordinary carbon steel. 
e exceptions were the breech lock, feeding lever 
ide, sear, bolt, and bolt slide; these were all 
wearing parts for which 3.5% Ni, 
75% Cr, 0.05 to 0.20% Mo carburizing steel was 
nployed. 

The barrels of six 7.92-mm. aircraft machine 
ins manufactured in the consecutive years 1934 
» 1942 were all plain carbon steels with low 


ssiduals. Heavier barrels were made of the 
eels shown in Table VI, page 302. 
\ PzB 7.92-mm. anti-tank rifle made in 1941 
ad a carbon steel barrel, a few stampings and a 
»w parts made from free machining steel. Of 
me 130 parts examined only one, the firing pin 
uide, was of the nickel-chromium carburizing 
teel mentioned above. The other carburized 
parts were plain carbon steel. 
\ Schmeisser 9-mm. submachine gun for 


Sparatrooper use, made in 1941, was all carbon 


teel with still more use of stampings and of free 
iachining steel. 


\ 20-mm. MG-151 Mauser aircraft machine 


Bun, probably made in 1941, had a barrel which 


analyzed 0.40% C, 0.65% Mn, 0.29% Si, 0.32% Ni, 
2.07% Cr, 0.23% Mo. Several important wearing 
parts were made of nickel-chromium carburizing 
steel ranging from 3.36 to 4.58% Ni, 0.55 to 1.33% 
Cr, and 0.02 to 0.19% Mo. These together weighed 
about 10 Ib., that is, they used about 0.4 Ib. nickel 
The barrel weighed 23 lb., so the choice of the 
2% chromium steel instead of the 242% nickel 
steel for the barrel is a measure, 
Barrels of MG-151 guns of 15-mm. caliber were 
made of similar chromium-molybdenum steel, 
although barrels of the 13-mm. MG-131 and the 
20-mm. Oerlikon, made in 1942 and 1941 respec- 
tively, contained 242% Ni, 1% Cr, and 0.3% Mo. 
There is evidence that all of these large caliber 
machine gun barrels have been treated with 
vanadium although only 0.01 to 0.02% remains. 

In a 15-mm. MG-151 machine gun, probably 
of quite recent manufacture, the same carburized 
parts were of even more uniform composition 
than in the 20-mm. MG-151 described in the para- 
graph above, with 0.15 to 0.25% C, low phos- 
phorus and sulphur, 0.40 to 0.50% Mn, 0.25 to 
0.35% Si, 3.40 to 3.65% Ni, 0.70 to 0.95% Cr, 0.138 
to 0.18% Mo (save for one cam which had only a 
0.02% residual molybdenum). 

In larger caliber aircraft machine guns, the 
heavily stressed wearing parts are of the high 
nickel-chromium-molybde- 


conservation 


nickel-chromium, or 
num carburized steel, as in the 20-mm. caliber. 
Nickel is evidently treasured for special uses, but 
when they do use it for carburized parts they 
tend to stick to the old Krupp high-nickel formula. 

Because of the high rate of fire, the scour on 
particularly in the larger 
calibers —— is but 
thorough hardening in heat treatment is not as 


machine gun barrels 


very severe, the problem of 


difficult as in the case of heavy ordnance. 


Table VIII — Analysis of Steels in Principal Parts of 88-Mm. German Gun, Made in 1941 





PART Cc Mn P S 
Tube (center) 0.39 0.44 0.016 0.014 
Tube (muzzle) 0.34 0.38 0.018 0.020 
Sle (a) 0.36 0.50 0.011 0.021 
Jacket (a) 0.36 0.46 0.008 0.022 
Retaining collar 0.35 0.57 0.010 0.021 
Muzzle locking collar 0.35 0.53 0.010 0.025 
I h ring 0.31 0.57 0.014 0.016 
Ke tube, center) 0.32 0.44 0.014 0.017 
K tube, muzzle) 0.31 0.48 0.013 | 0.024 


SI NI Cr Mo — V Cu AL 
0.36 2.74 1.36 0.35 tr. 0.22 Nil 
0.40 2.83 1.40 0.48 0.06 0.19 Nil 
0.32 0.20 2.04 0.32 tr. 0.16 0.01 
0.36 2.82 1.52 0.51 tr. 0.20 0.01 
0.42 2.77 1.26 0.31 Nil 
0.42 1.12 1.19 0.29 tr. 

0.39 0.50 1.97 0.31 tr. 0.18 0.01 
0.39 0.39 1.80 0.31 tr. 
0.41 2.68 1.04 tr. tr. 





(a) Average of analyses from breech and muzzle ends. 
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Field Guns — Little information on heavy 
German artillery is at hand; samples are not easy 
to collect or ship. German gun tubes of larger 
caliber made in 1941 and 1942, which are being 
examined at Massachusetts Institute of Tech- 
nology, analyze as shown in Table VII, page 302. 

The 1941 50-mm. tube has relatively low 
molybdenum, but the 1942 examples have the 
usual liberal amount, one has vanadium also. 

The 170-mm. tube shows that some nickel 
has been hoarded for special use. The very high 
nickel in the 47-mm. gun of Czech manufacture, 


=, 


used by the Germans, shows, by contrast with th, 
German 50-mm. gun, how much nickel the Ge. 
mans are conserving over former common pra 
tice by shifting to the chromium-molybdeny 
type of steel. 

A German 88-mm. gun, made in 1941, exap 
ined by Watertown Arsenal showed the followin 
steels in principal parts (Table VIII, page 303 
These show the use of both nickel-chromiyy 
molybdenum and chromium-molybdenum stee\ 
The increased silicon content probably offse: 
the lowered manganese content. 


Table IX — Analyses of Steels Used in Typical Japanese Projectiles and Bombs 





DATE} C P S 


TYPE OF PROJECTILE 


None! 75-mm. H. E. 

1940 80-mm. H. E. (Naval) body 

1940 Same; base plug 

1941 | 80-mm. H. E. (Naval) body 
1941, Same; base plug 

1934 | 15-kg. anti-personnel bomb nose 
1934) Internal section of same 

1934; Annular rings from same 
1939| 30-kg. anti-personnel bomb nose 
1939| Tail cone from same 


1938)| 50-kg. anti-personnel bomb nose 
1938| Bomb body from same 
1938 Tail cone from same 
1942; 25-mm. Hotchkiss incendiary 
1943; Same 
1942 Same (tracer) 
1943 Same (tracer) 
None| 63-kg. semi-armor-piercing 
bomb body 

Same, tail body 

Same, tail body 

Same, tail fins 
1941| 70-mm. H. E., body 
1939| 37-mm. H. E. 
None| 20-mm. Oerlikon H. E., tracer 
1941 | 20-mm. Oerlikon H.E. 
1942; Same 
1941 | 20-mm. Oerlikon tracer, A.P. (b)| 0.31 
1942)| 20-mm. H. E. for Hotchkiss 0.39* 

machine gun 

20-mm. A.P. Hotchkiss tracer (b)| 0.85 


20-mm. A.P. (d) | “ 
| 0.51 |0.02 


| 0.50 
0.48 
0.57 
0.58 
0.48 


0.09 
0.34 
0.25 
0.32 
0.24 
0.52 
0.14 
0.30 
0.55 
0.58 
0.52 
0.58 
0.46 


| 0.02 
0.02 
0.04 


0.01 
0.02 
0.05 
0.07 


0.01 
0.03 
0.01 
0.01 
0.04 


0.02 
0.02 
0.04 
0.02 
0.02 
0.04 
0.02 


10.02 


0.02 
0.07 
0.02 
0.03 
| 0.06 


0.03 
0.02 


0.03 
0.03 
0.04 
| 0.03 


0.03 


0.02 
0.08 
0.01 
0.04 


0.04 
0.04 
0.06 
0.03 
0.03 
0.04 
0.04 
0.06 
0.03 


0.13* 


0.26 
0.19 
| 0.19 
0.64 
0.53 
0.28 
0.48 
0.33 


0.10 
0.02 


9.06 


0.01 


0.02 


0.02 


1942 | 

None 

1938 | 120-mm. Naval bombardment 
H.E. body 


0.04 | 


| 0.50 
0.03 | 


0.03 | 


0.14 | 
0.12 | 


MN NI Cr Mo | Cu SN 


0.41 
0.51 
0.78 
0.57 
0.62 | 
0.71 
0.28 
0.49 
0.56 
0.77 


0.86 


SI AL | OTHE 


0.005 
0.01 
tr. 
0.005 
0.005 


0.01 
0.005 
0.03 |0.005 
0.06! tr. 
0.06 |0.01 


0.12 |0.005 
0.05 0.01 
0.06 |0.005 
0.08 0.05 
0.06 | 0.02 
0.04 | 0.01 
0.08 | 0.01 
0.06 | 0.005 


0.03 
0.04 
0.05 
0.01 
0.02 


0.02 
0.03 


0.13 
0.16 
0.21 
0.28 
0.27 
0.16 
0.37 
0.19 
0.28 
0.30 
0.30 
0.16 
0.31 
0.20 
0.24 
0.25 
0.34 
0.23 


0.33 | 0.02 
0.32 | 0.02 
0.36 | 0.02 
0.05 | 0.02 
0.02 | 0.02 
0.04 | 0.01 
0.03 | tr. 
0.03 | tr. 
0.04) tr. 
0.05 | 0.01 


0.03 | tr. 
0.03 | tr. 
0.03 | tr. 
0.03 | tr. 
0.45 | 0.01 
0.03 | tr. 
0.06 | 0.01 


0.46 | tr. 


0.85 
0.92 | 
0.83 
0.68 
0.40 | 
0.32 | 
0.04 
0.05 
0.23 
0.30 
0.06 
0.04 
0.03 
0.08 
0.11 
0.05 
0.28 
1.43 


0.28 
0.22 
0.19 | 
0.14 
0.15 | 
0.27 | 
tr. 
0.01 
0.22 
0.15 
0.25 
0.29 
0.16 
0.32 
0.30 
0.28 
0.24 
0.34 


0.73 
0.65 
0.65 
0.74 
0.72 


0.52 


tr. 
tr. 
tr. 
tr. 
ow. 
tr. 


0.015 
0.005 

(a) 

tr. 
0.005 
0.025 Ti 
0.04 T 
0.025 Ti 
0.025 Ti 


0.18 
0.26 
0.19 
0.22 
0.27 
0.28 
& 32 
0.15 
0.16 
0.24 


0.11 
0.16 
0.14 
0.11 
0.14 
0.07 
0.09 
0.05 
0.04 


0.06 


1.29 
0.04 
0.03 
0.03 
0.04 
0.09 
0.43 
0.05 
0.08 


0.04 


0.44 
0.03 
0.02 
0.02 
0.03 
0.03 
0.41 
0.03 
0.04 


0.02 


0.58 
0.46 
0.33 
0.67 
0.76 
1.09 
0.52 
1.02 
1.22 


0.71 


0.17 
0.19 
tr. 
0.20 
0.20 
0.12 
0.42 
0.18 | 
0.21 
0.21 


0.015 
0.01 


tr. 


tr. 

tr. 

tr. 0.025 Ti 

0.03 ( 

0.03 | 0.01 Ti 
tr. ( 


0.02 
tr. 
tr. 


0.30 
0.18 
0.15 


0.06 
0.06 
0.03 


0.60 
1.26 
0.36 


0.33 
0.05 
| 0.87 | 
| 


0.47 
0.40 
0.70 


0.29 
0.32 
| 0.33 





Notes: *High phosphorus for this level of car- 
bon. Several of this 20-mm. series are evidently 
intended to be free-machining steels, but so high a 
phosphorus content in so high a carbon steel is quite 
unusual. 

(a) Rimmed steel. 


(b) Quenched and differentially tempered 
armor piercing. 
(c) Trace 
vanadium. 
(d) Quenched and tempered. 


(e) 0.005% titanium, 0.01% vanadium. 


of titanium, 2.25% tungsten, 0.25% 
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Japanese Arms and Ammunition 






Less information about Japanese ordnance 
is hand, especially as to material of recent 
manufacture, for the Japs have been making 
munitions in preparation for the present conflict 
for a long time, and have not used their supply 
as rapidly as the Germans did. 

Nevertheless, what data are available do not 
indicate as careful attention to conservation of 
alloying elements as the Germans observe. The 
data also show, from the much higher content of 
residuals, especially tin, that the low grade scrap 
the Japs were supplied from the United States 
during the years immediately preceding the War 
plays a considerable part in the munitions now 









being used against us. 

The rather frequent 
normalized articles, of steels made 
carrying a high level of residual elements that, 
properly used, would confer hardenability for 
heat treatment by and tempering, 
indicates indifference to such a waste of alloying 
elements, or inability to control steelmaking well 
enough to make use of them. 

The general level of hardenability-conferring 
residuals in the scrap used for carbon steel is 
often quite low; when it rises high it probably 
means that a considerable proportion of scrap 
Evidently this scrap was bought from 


as-forged or 


scrap 


use, in 


from 


quenching 


was used. 


us in mixed lots, in which alloy scrap was not 
segregated from carbon scrap, so the Japs cannot 
predict the alloy content of the scrap charged in 
In American steelmaking practice 
find 


any one heat. 


rapid spectrographic analyses would the 


Table X — Analyses of Japanese 50-Mm. Grenade Parts (a) 








residual alloy content while the steel is still in 
the furnace so the desired alloy additions could 
be calculated and safely added; but there is no 
sign that the Japs have progressed far enough to 
use that technique. 

Moreover, there is considerable evidence that 
they have felt no need to take any steps along the 
line of our NE steels, or to hold down the per- 
centage of alloying elements when intentional 
alloying is done. 

Their driving bands are copper (or with 2% 
silicon on some high velocity projectiles); their 
cartridge cases, brass. The cartridge cases are 
sometimes alpha brass of the conventional 70:30 
composition, but often of higher zine content 
than other countries use, even to the extent of 
producing an alpha-beta brass and thus introduc- 
ing more complications in processing. This does 
not seem to reflect a desire to conserve copper, 
but rather a long tradition of Oriental use and 
experience with the alpha-beta type. 

Projectiles and Bombs — High alloy content 
in unquenched articles, a wide range of residual 
contents, but a strong tendency to show a high 
tin residual, are present in some of the examples 
cited in Table IX, page 304. 

There seems little justification for the nickel 
in several of the non- 
The prevalence of high 


and chromium levels 
quenched items listed. 
tin residuals will be noted. 

In the case of a 50-mm. grenade discharger 
made in 1942, containing several heat treated 
parts, mostly small, carbon steels with residuals 
of 0.03 to 0.06% Ni, 0.02 to 0.08% Cr, 0.01% Mo, 
0.10 to 0.30% Cu, 0.01 to 0.09% Sn, and contain- 
ing about 0.01% Al, were used, but the quenched 

















DATE PART HEAT TREATMENT C P S | MN S1 C1 SN AL 
1938 | Propelling charge housing ‘Quenched & tempered) 0.63 0.06 | 0.04 | 0.85 | 0.18 | 0.27 | 0.04 tr. 
1939 | Same Same 0.55 | 0.03 | 0.03 | 0.88 0.19 | 0.22 0.04 tr. 
1940 Same Same 0.72 | 0.02 | 0.04 | 0.66 | 0.18 | 0.27 | 0.07 tr. 
1941 Same Same 0.59 | 0.02 | 0.03 | 0.55 | 0.21 | 0.20 | 0.06 tr. 
1938 Threaded connector Normalized 0.33 | 0.05 | 0.04 | 0.76 | 0.11 | 0.30 | 0.03 tr. 
1939 Same Quenched & tempered 0.35 | 0.04 | 0.03 | 0.76 | 0.18 | 0.33.) 0.11 | 0.01 
1940 Same Same 0.35 | 0.03 | 0.02 | 0.76 | 0.17 | 0.19 | 0.03 | 0.005 
1941 | Same Same 0.34 | 0.05 0.02 | 0.69 | 0.18 | 0.21 0.06 | 0.005 
1938 Body Normalized 0.29 | 0.04 | 0.03 | 0.80 0.14 | 0.25 0.08 | 0.005 
1939 Same Same 0.2: 0.02 | 0.04 | 0.77 | 0.19 | 0.17 | 0.04 | 0.005 
1940 | Same Same 0.31 | 0.02 | 0.02 | 0.57 | 0.22 | 0.15 0.04 | 0.02 
1941 | Same Same 0.26 | 0.03 | 0.02 | 0.58 | 0.17 | 0.22. 0.04 | 0.015 




















(a) All showed 0.05 to 0.06% 


Ni, 0.03 to 0.05% Cr, and trace of Mo. 
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and tempered breech block contained 0.43°, ¢ 
0.04% P, 0.04% S, 0.50% Mn, 0.20% Si, 1.69 
Ni, 0.44% Cr, 0.03% Mo, 0.40% Cu, 0.11% Sn 
and trace of Al. The steel parts of 50-mm 
grenades analyzed as shown in Table X, page 305 

A Japanese 8l-mm. mortar shell, shown ip 


TTT 


Fig. 8, was well forged from a 0.35% carbon stee| 


with manganese at 0.65%. No heat treatment 


TTT 


was applied. 
There may be hints here, from the lower 


TINT 


level of manganese in the later years, that som: 
effort is being made to conserve it, and thal 


NTT 


aluminum treatment is now being applied t 


steels for normalizing. 

Rifles and Machine Guns — The quenched and 
tempered barrel, breech and bolt of a 7.7-mm 
Arisaka rifle, Model 99 (1939) undated, captured 
on Attu, and the cut-out (not heat treated) ana- 
lyzed as in the top four lines of Table XI. There 


WHIT 
' 


| 


| 


i*) 


is some chance that scrap chosen for its content 
of hardenability residuals was employed in the 
quenched and tempered parts of this rifle but the 
chromium content of the cut-out, for which there 
would seem to be no purpose, would argue that 


(Ue 


; 


iL 


the residuals were accidental. Another example 


7 


of extraordinarily high phosphorus in a steel 
with a high carbon level is met in the cut-out, 


' 


HUE 


al 


and may be used in an effort to make a free 


rit 
| 


TTYTYTTT 


TTT ATTN 


machining steel. 

A heavy 7.7-mm. machine gun (Model 92 
with a modified Hotchkiss action, made in 1938, 
had a quenched and tempered breech with only 
residual alloys; most of the parts, whether nor- 
malized or quenched and tempered, were likewise 
of carbon steel with only residuals. (See the 
middle part of Table XI.) Four quenched and 
tempered items were made of tungsten steel (as 
was one 1942 20-mm. A.P. projectile for the 
Hotchkiss type gun, as was noted in the third 
from last line of Table IX). These steels lack 
the vanadium found in that projectile. The 
quenched and tempered gas cylinder shows a 


6 


IEMPEP ye 


4 


; 


al 7 
Ty 


huge residual tin. 
The Jap steels average decidedly higher in 
sulphur and phosphorus than do the German. 
Instead of using carburized nickel-chro 
mium-molybdenum steel for wearing parts, as 1s 
the German tendency, the Japs evidently prefer 





Fig. 8 — Japanese 81-Mm. Mortar Shell 








Metal Progress; Page 306 








Sn, 
mm 
305 
1 in 
steel 
lent 


Wer 

me 

hat 
te 


ind 
im 
red 
na- 
re 
ont 
he 
he 
re 
at 
ile 
e| 
it, 


Pe 
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Table XI — Analyses of Japanese Gun Parts 











DA PART C P S MN SI NI Cr Mo Cu SN AL Ww 
7.7-Mm. Arisaka Rifle, Model 99 

19 Barrel 0.66 0.02 0.03 0.77 0.32 0.77 0.44 0.05 0.29 0.07 | 0.015 

19 Breech 0.80 0.03 0.04 0.80 0.31 0.22 6.54 0.03 0.23 0.06 § 0.005 

19 Bolt 0.66 0.01 0.02 0.73 0.26 0.21 tr. 0.26 0.16 | 0.015 

{ Cut-out 0.50 0.16 0.05 0.33 0.16 - 0.36 tr. 0.09 0.04 | 0.02 

Heavy Machine Gun 7.7-Mm. Model 92 With Mod ‘fied Hotchkiss Action 

19 Breech 0.40 0.02 0.01 0.40 | O41 0.17 0.22 tr. 0.17 0.10 0.05 

19 Barrel 0.70 | 0.01 0.01 0.51 | 040 06.12 | 0.06 tr. 0.17 0.05 tr. 2.31 

19 Cartridge feed 0.68 0.03 0.01 0.55 | 0.30 0.12 0.15 0.01 0.20 0.05 0.015 2.06 

19 Feed pawl 0.72 0.03 0.01 0.52 0.40 0.23 | 0.12 0.01 0.18 0.05 tr. 1.98 

19 teceiver guide 0.76 0.04 0.01 0.58 0.37 0.08 0.14 0.01 0.18 0.06 ir. 3.41 

19 Gas cylinder 0.51 0.05 0.05 0.58 0.14 0.03 0.02 tr. 0.15 0.18 0.015 

Barrels for 7.7-Mm. Vickers-Type Machine Guns for Aircraft 

1938 Barrel 0.72 0.02 0.02 0.45 0.31 0.41 0.99 0.01 0.17 0.03 0.01 2.45 

1942 Barrel 0.63 0.02 0.02 0.41 0.27 0.31 0.88 0.02 0.22 0.03 0.01 4.14* 
*Contains also 0.04% vanadium. 


The use of tungsten in 
barrels is also evidenced in two 7.7-mm. Vickers- 
type aircraft machine guns, whose breech mark- 
ings are shown in Fig. 9 (page 308). This may 


brepresent a belief that the tungsten steel barrel is 


sufficiently erosion resistant to justify its use, or 
ly indicate that, with Chinese tungsten 
handy, tungsten might as well be used to give the 


merely 


necessary hardenability. 
From these examples in Table XI one might 


| think that Jap munition makers avoid the nickel- 


chromium and nickel-chromium-molybdenum 


combinations, but these Vickers-type 7.7-mm. guns 


had a number of such alloy parts. Their vital 
wearing parts were not carburized and the analy- 
ses of the 1938 and 1942 parts were surprisingly 
close (except for the barrels, as can be seen from 
in inspection of Table XII). 
Here the 0.9% nickel, 0.5‘ 
position was used for four of the five parts, only 


chromium com- 


varied by one steel with lower nickel but added 
molybdenum (obviously intentional the other 
parts are 344 to 3%» nickel, 1 to le chro- 


mium. One would guess that they analyzed the 
parts of an early purchased Vickers and adhered 
to just that analysis for each part in their copies. 
The tungsten steel barrel may have been their 
own idea. 
Armor 
as shown in the table at the top of the next page. 
Some cases have been reported of these thin 


Four samples of Jap armor analyzed 


armor plates for pilot protection in Japanese air- 
planes running 2 to 2's chromium, 3}, to %%' 
molybdenum, with only residual nickel, or with 
over 1% nickel. 

The back and head plates, approximately % 
in. thick, from a Type IF “Oscar” Mark II S.E. 
fighter plane were cross-rolled from a steel of 
analysis shown in the right hand column. 

In any of these the total of alloying elements 


Table XII — Comparison of Steels Used in Japanese Machine Guns of 1938 and 1942 Manufacture 














DATE PART C P MN S! NI Cr Mo C1 SN Av | OTHERS 
1938 Barrel 0.72 0.02 0.45 0.31 0.41 0.99 0.01 0.17 0.03 0.01 | 2.45% 
1942 Same 0.63 0.02 0.41 0.27 0.31 0.88 0.02 ().22 0.03 0.01 4.14 W 
0.04 V 
1938 Bolt steel, bar stock 0.74 0.03 0.54 0.26 0.85 0.50 0.04 0.08 . 0.01 0.01 
1942 Same 0.77 0.03 0.53 0.25 0.92 0.68 0.04 0.06 0.01 0.01 
1938 Bolt cocking lever 0.72 0.03 0.67 0.30 0.84 0.38 @.02 0.08 0.01 0.01 
1942 Same 0.79 0.03 0.55 0.40 0.85 0.56 0.02 0.07 0.01 0.01 
1938 Bolt ejector, 0.37 0.26 0.05 3.24 1.49 0.02 0.13 0.04 0.02 
bar stock 
1942 Same 0.37 0.55 0.26 3.44 1.05 0.02 0.09 0.03 tr. 
1938 Firing pin, bar stock 0.71 0.58 0.34 0.89 0.44 0.02 0.09 0.03 tr. 
1942 Same 0.74 . 0.55 0.37 0.96 0.49 0.02 0.10 0.02 0.01 
i'38 Bolt handle shaft, 0.63 0.01 0.42 0.42 0.55 0.41 0.15 0.17 0.05 0.01 
forging 
$2 Same 0.74 0.03 0.55 0.36 0.90 0.51 0.02 0.10 0.01 0.02 
February, 1945; Page 307 
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seems high for the thickness of the armor and 
does not indicate any urge to conserve alloys. 


Analyses of Japanese Armor 


14-IN. 
BAcK 
& HEAD 
PLATES 
0.40 


COMPOSITE 

ARMOR (a) 
% -IN, % -IN. 
PIECE PIECE 
0.32 0.35 
0.03 0.03 0.02 
0.02 0.02 0.02 
0.55 0.55 1.19 
0.22 0.23 0.19 
2.89 2.94 0.27 
0.73 0.78 1.66 


fs-IN. 
Bopy 
ARMOR 
(RECENT) 
0.14% 
0.04 


ELEMENT 
Carbon 
Phosphorus 
Sulphur 0.04 
Manganese 0.35 
Silicon 0.21 
Nickel 2.97 
Chromium 0.77 
Molybdenum 0.49 0.59 0.67 0.34 
Copper 0.16 0.06 0.07 0.21 
Tin 0.07 0.01 0.01 0.05 
Aluminum tr. tr. tr. 0.01 
Vickers hardness 100 420) 310 605 


(a) Welded together, weld show- 
ing 12% Cr, 8% Ni, 1.5% Mo. 


General Conclusions About Ordnance 


Both the Germans and Japs have tended to 
make unimportant but irregularly shaped gun 
parts by hogging out from bar stock, when these 
parts could easily be stamped out from sheet and 
assembled by copper brazing or spot welding at 
a saving in man-hours, or where the part could 
be die-forged to reduce the amount of machining. 
Later German ordnance practice and designs seem 
to turn somewhat toward labor saving design, 
although astonishingly small use is made of free 
machining steel. 

There is some indication that when the Ger- 
mans resort to a die-forging that would ordinarily 
call for a succession of dies, they cast a slug 
roughly to shape, so that one die will suffice. At 
least, the generally prominent remnants of cast 
or ingot structure, showing a relatively small 
reduction by forging, lead to that suspicion, 
although it may be that this is characteristic ot 
the high chromium compositions used, even with 
the usual reductions. 

Japanese practices generally show still less 
of an approach to quantity production methods; 
much hand work is indicated. German work- 
manship as to finish and dimensional tolerance 
is consistently good on munitions. Jap workman- 
ship is consistently mediocre although generally 
adequate for the use intended. 

Metallurgically, the heat treatments used and 


the structures produced are what might } 
expected with the type of steels used and th 
intended service of the item. The Germans hay 
introduced new designs and new modifications j 
guns and projectiles, while the Japs have copie; 
designs of others. The general effectiveness 
the munitions usually depends on design rathe 
than materials. The Japs have not been crampe 
for alloying elements and their metallurgists hay, 
not had to exercise much ingenuity, althougt 
they have had to get away with an extremely high 
level of residual tin from scrap. 

The use of flame hardening of wearing sur. 
faces on Jap gun parts has been observed on 
20-mm. aircraft machine gun, Type-100 MB, gas 
operated. 

One would guess, particularly from the hig! 
molybdenum level in light armor, obviously oi 
quite recent manufacture, and from the hig! 
nickel level in some normalized steels, that th 
Japs have ample stockpiles of alloying elements 
which permit them to use the more conventiona 
alloy steels. 

The German metallurgists have had to devise 
means of getting the desired properties with the 
alloying elements at hand. In this task they hav 
done a workmanlike job. Their recent practic 
centers around steels of high chromium content 
and as the supply of chromium gets limited, their 
style will be a bit cramped, although they ar 
acquainted with various expedients that wil 
serve, but which will require slightly different 
techniques all along the line and an increased 
degree of control. 
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Fig. 9 — Breech Markings on Barrels of 7.7-Mm. 
Vickers-Type Machine Guns for Aircraft 
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Studies of Enemy Aircraft 


dmittedly, only a partial picture of the 
metallurgical position is given by a spotty 
The pic- 


enel 
examination of arms and ammunition. 
ture is somewhat broadened, although not very 
much altered, by available information on Ger- 
man and Japanese practices as to aircraft engines. 

‘he highly stressed parts of an aircraft 
engine are the last to be starved of alloy in the 
ase of a shortage, and the last in which 
radical departure will be countenanced from the 
exact treatment, and fabrication 
technique of previous parts of satisfactory per- 


any 
composition, 


formance. 

The specification of a particular composition 
and definite properties does not mean that they 
are best —— or even necessary — but rather that 
they have served in the past and are retained, 
even in spite of good reason for a change, in 
rder not “to fly to dangers that one knows not 
of”. Even though the metallurgists and the 
designers know that the properties of an alternate 
material are such that it will certainly do as well, 
they find it difficult to overcome the inertia of the 
non-technical minds who have to give final 
approval to a change. Hence, the aircraft engine 
may entirely fail to indicate shortages that are 
really acute, and may thus be an insensitive indi- 
cator, one with a lot of lag. However, if a radical 
change in the direction of conservation is actually 
made in such a part, that may be eloquent proof 


of a real shortage. Or, if a change in manufac- 


turing technique is carried through, that is pretty 
good proof that the new technique has advanced 
to a dependable stage. 

airframes have been 
periodically British and an 
account published serially in 1942'* covers Ger- 
Sutton®? has 


engines and 


examined by the 


German 


man practice of 1941 or earlier. 


reported on the non-ferrous parts. Such exam- 


inations are being continued and information 


from them supplied to our Services. 
work is quite comprehensive, American metal- 


Since this 


lurgical examinations have not had to be very 
extensive; special attention, however, is being 
paid to Jap planes and engines in present Amert- 
can studies. 

The British summary notes that alloys were 
copiously used at the dates represented by the 
engines reported on, and did not indicate any 
alloy shortage. Surprise was expressed, in view 
of the German predilection for a 242% chromium 
steel without nickel, that the steel had not been 
used for crankshafts, but a note in the collected 
report in book form states that later examples 
have been met where it was used. The steels 
used in early crankshafts were as shown in Table 
XIII, page 310. 
but a variation was shown in Izod impact. This 
ran 45 to 75 ft-lb. except for 25 in the B.M.W. 
rear and 10 to 20 in the nitrided Jumo 211-F. 
The last mentioned part is made of a steel which 
is not a regular nitriding composition. 

The gudgeon pins of the Jumos and the 
Bramo Fafnir were carburized, and those of the 


B.M.W. and the Mercedes Benz nitrided. All the 


Tensile properties were normal, 





Fast and Maneuverable Focke-Wulf-190 Fighter, of Early Model. Studied, lown and 


maneuvered by technicians at Wright Field to discover possible enemy secrets of 


design and performance. Photo 


courtesy 


Air Technical Service Command 
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Table XIII — Crankshafts From German Aircraft Engines 





ENGINE AND Part ; NI Cr 


Junkers Jumo, 211-A ) F F 
211-F | 0.30 (1.3 to 1.5 

B.M.W. 132-K, rear half | 0.40 0.28 
B.M.W. 132-K, front half | 0.16 1.92 
Bramo Fafnir 323-P, 

rear half 0.37 1.89 
Bramo Fafnir 323-P, 

front half 0.20 1.84 
Mercedes Benz DB 

601-A and 601-N 0.20 1.90 





0.15 to 0.30 


Mo V HEAT TREATMENT 


{ Not carburized or nitrid 
) Nitrided. 

Not carburized 
Carburized 


0.0 to 0.12 
0.21 nil 
0.25 nil 


0.37 nil Not carburized 


0.30 nil Carburized 


Carburized 


0.32 nil 








pins contained 0.20 to 0.25% molybdenum with- 
out vanadium. The carburized pins of the Jumo 
211-A and of one 211-F contained 2% nickel, 2° 
chromium, and 0.5% manganese, while those of 
another 211-F and of the Bramo Fafnir ran 0.26 
to 0.37° chromium, 0.90% 
ganese. 

In the Mercedes Benz 601-A the nitrided pins 
were a regular 1% aluminum, 1.5% chromium, 
0.5% molybdenum nitriding steel with 1.75 to 
2.0% nickel, but in the 601-N and the B.M.W. the 
steels ran 2.6 to 2.8% chromium, 0.1 to 0.3° 
nickel, 0.20 to 0.25% molybdenum, 0.08 to 0.15% 
vanadium. Similar steels without vanadium were 
used in the wrist pins of the Bramo Fafnir and 
the B.M.W., the former being nitrided, the latter 
Carburized heavy-duty gears on all 
nickel 


nickel, 1.15% man- 


eyanided. 
were consistently of 2% chromium, 2% 
and (except for one with 0.08%) all had 0.25 to 
0.35° molybdenum. Vanadium varied from nil 
to 0.17% 
in the Mercedes Benz were of 1.6% 
1.6% nickel, normal manganese, with 0.35% 
vanadium; still less heavily 


Less heavily loaded carburized gears 
chromium, 


molydenum, 0.15% 
loaded ones in this and the Bramo Fafnir con- 
tained 1 to 1.25% chromium, 0.0 to 0.5° nickel, 
0.25% 
nese about 0.9%. 

In heat treated, uncarburized parts, the pro- 
peller hub of the Mercedes Benz 601-A was of 
0.32% C, 2% Cr, 2% Ni, 0.4% Mo; the clutch 
motor body 0.40% C, 1.7% Cr, 0.25% Ni, 0.17% 
Mo, 0.18% V; the fuel injection pump barrel and 
plunger of 1% C, 1.4% Cr, trace Ni, no molybde- 
num or vanadium. (In the Jumo 211-F the pump 
barrel and plunger were carburized, the barrel 
being plain carbon steel with low residuals, the 
plunger 1.1% Cr, 0.35% Ni, 0.20° Mo.) 

Connecting rods on the Bramo Fafnir master 


molybdenum, no vanadium, with manga- 


rod and the Jumos were 0.30 to 0.35° carb 
1.5 to 2% nickel, 1.9 to 2.5% chromium, 0.2) 
0.35° molybdenum, without vanadium. {| 
earlier Jumos had 0.14 to 0.17% molybdenu 
with 0 to 0.20% vanadium on later ones. 1} 
Bramo Fafnir master rod was nitrided. T 
Bramo Fafnir auxiliary rod, as well as the B.M\ 
rods, and the Mercedes Benz rods were of ste 
carbon, 1.0 to 1.23 
chromium, 0.05 to 0.55% nickel, 0.15 to 0.2) 
molybdenum, and no vanadium. 

The bolts and nuts in the Mercedes Benz a 
in an earlier Jumo were 2% Cr, 2% Ni, 0.25 
Mo; in a later one, 2.5% Cr, 0.20% Mo, 0.25 
and only residual nickel. A stud from the by 
end of the double rod of the early Jumo had 3. 
Ni, 1% Cr, and in the Mercedes Benz the big enJR® eni 
bolts, carburized in places, were 4.3% Ni, 1% | i dut 
0.09% Mo, and no vanadium. B tol 


containing 0.30 to 0.40% 


The cylinder liners were all of 0.40 to 0.0! 
C, 1.5% Cr steel, with only residual nickel (1! 
to 0.27%), and molybdenum nil to 0.13%. 7! 
cylinder bolts on the early Jumos were 2% 
2% Cr, with Mo; in a later one 1% chromiun 
with molybdenum, heat treated to the san 
strength as the former. 

Engine mount tubing from B.M.W 
Bramo Fafnir was the conventional I< 
mium, 0.25% molybdenum. 

Wing root fittings of the ME-110 w 
either the 2'4% chromium steel (or 1.25 
always with 0.15 to 0.40% molybdenum. 
of the Junkers 88 were 2.25% Cr, 2.25% Ni, | 
Cr, 0.259% M 

Both had | 


Mo in an early one; 2.25% 
only 0.3% Ni in a later one. 
0.25% vanadium. 

Steel in the undercarriage axles con 
1% chromium and 0.25% molybdenum, wi! 
vanadium and with only residual nickel. T 
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Mess hmitt a casting. The composition noted some shafts having less molybdenum but with 
was d in a large number of other undercar- 0.5 to 1.0% tungsten and 0.5% cobalt). 
riage parts, with a few exceptions which used a As background, also, might be considered a 
05 hromium, 0.25% molybdenum, 0.25% recent German article by Krish,'® following up 
vanadium Steel. earlier articles by Pomp and Krish in which 
he jaws of the mine layer release from one chromium-molybdenum was discussed in 1938, 
plane were of air hardening steel: 0.40% C, In 1942, and especially in 1944, emphasis was put 
440% Ni, 1.45% Cr. on molybdenum-free steels of the chromium- 
\ll the aircraft steels appeared to be basic manganese-vanadium type, ranging up to 2% % 
electric, very clean, and very low in sulphur and Cr, 2% Mn and 0.20% V, especially the chro- 
phosphorus. mium-manganese combination. Schinn and 
On consideration of the duty of the various Tinti'? also point out that Germany needs to con- 
parts, the indications were that chromium plus serve both molybdenum and chromium. In con- 
a heavy dose of molybdenum were the mainstay trast to their earlier general and lavish use of 
alloying elements, with vanadium used when molybdenum, this statement sounds as though 
available, in which case the molybdenum was cut the Germans were readying themselves to get 
idown. Nickel was at first used to get deep hard- along with less molybdenum, to utilize vanadium 
Table XIV — Range of Analyses of German Alloy Steels in Engine Auxiliaries 
AUXILIARY NUMBER Nr RANGE Cr RANGE Mo RANGE V Rance Cu Rance SN RANGE) MN RANG 
Starter 3 parts 0.04 to 0.21 0.97 to 1.18) 0.20 to 0.30 (a) Nil 0.23 to 0.29 0.01 to 0.04 
7parts 0.09 to 0.17 1.18 to 1.46 0.01 to 0.05 (b) Nil 0.12 to 0.29 0.04 to 0.07 
liparts 0.08 to 0.20 0.99 to 1.28 0.03 to 0.08 Nil 0.11 to 0.26 0.02 to 0.06 1.05 to 1.33 
4parts 0.13 to 0.23 1.04 to 1.08 0.04 to 0.11 0.01 to 0.05 0.11 to 0.17 0.02 to 0.05) 1.10 to 1.22 
Main oil pump 5parts 0.08 to 0.17 0.98 to 1.23 0.01 to 0.10 0.14 to 0.27 0.02 to 0.04 0.61 to 0.71 


he Junkers was a drawn tube; that of the 


with 3.5 to 4.5% Ni, 1.5% Cr, 0.359% Mo (with 





2 carburized 0.08 to 0.17 1.20 to 1.25 
1 carburized 0.29 2.40 


Fuel pump (c) 0.01 to 0.08 0.96 to 1.42 


O.01 to 0.07 
0.08 


0.15 to 0.25 0.03 to 0.04 1.27 to 1.45 
0.20 0.04 


1.03 to 0.04 


0.21 
1.31 to 1.46 


0.26 to 0.27 





Solenoid cam 
& camshaft 2 parts 0.01 to 0.08 0.96 to 1.42 0.26 to 0.27 0.03 to 0.04, 1.31 to 1.46 
(a) Added. (b) Residual. (c) From B.M.W. 801-C engine. 


ening in large sections, or when especially severe 
duty was involved, but later the chromium tended 
to be high with no nickel addition and only a little 
residual. Silicon and manganese were generally 
at normal levels, except that in certain gears was 
the latter raised to an alloying level. 

There was a tendency to nitride steels that 
did not contain the high aluminum of the ordi- 
nary steel intended for nitriding. Design to mini- 
mize stress concentration, machine shop work, 
heat treatment practice, and inspection were all 
consistently excellent. 

This British summary affords a background 
against which to place the examinations made in 
the United States of later engines and other air- 


crall components of German make, as well as 


those produced by the Japs. An exhaustive U. S. 
sti ‘of an early Junkers 211-B engine brought 
oul the lavish use of alloys, especially of the 2% 
Ni Cr type. A recent account? discusses a 
German electric propeller. A similar study’ of 
an carly Jap Mitsubishi Kinsei engine brought 
oul the widespread use of an “all purpose” steel 


instead, as though they had a more assured sup- 
extend the use of steel 
Mn type, with or with- 
Cr, 0.55 Mo type 


ply of it, and probably to 
of the 1% Cr, 1 to 1.25‘ 
out vanadium, where the 2.5‘ 


had previously been used. 


Type of Scrap Used for Steel in 


Minor Parts 
Another of interest is the residual 
metals, since this gives a clue as to the scrap 
The British reports showed that 


point 


being used. 


around 0.10% Cu, and 0.02 to 0.20% Ni were 
being met in so called “plain carbon” steels at 


the date of manufacture of the steels examined. 
In the alloy steels not intentionally alloyed with 
nickel, nickel might range anywhere from 0.02 to 
0.40%, with a tendency to be in the 0.10 to 0.30% 
range. Little the chromium 
molybdenum content of scrap can be gotten from 
the British data, since so many of the steels were 
Tin was not 


information on or 


intentionally alloyed with both. 
determined in the analyses in the British report. 
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Before turning to the 
highly stressed, very impor- 
tant parts of German 
engines, we may examine 
some data on auxiliary 
equipment, in which the 
steels have relatively less 
severe duty, for indications 
on the scrap situation and 
the alloying trend. For exam- 
ple, in an airplane engine 
starter, undated but prob- 
ably fairly recent, of some 
35 steel parts selected for 
examination no free 
machining steels were 
found, and a dozen “plain 
carbon steels” ranged from 
0.03 to 0.07% Ni, 0.03 to 
0.15% Cr, 0.04 to 0.37% Cu, 
0.01 to 0.05% Sn. Molybde- 
num was generally absent 
save for traces, with 003% 
the highest reported. The 
alloyed steels on these auxil- 
iaries fell within the ranges 
shown in Table XIV, p. 311. 

Of the parts examined 
in the main oil sump pump 
from a B.M.W. 801-C engine, 
four were of plain carbon 
steel with 0.02 to 0.16% Ni, 
0.02 to 0.22% Cr, 0 to 0.01% 
Mo, 0.02 to 0.10% Cu, a trace 
to 0.07% Sn. Of the alloy 
steel parts one had 1.10% 
Mn and nothing else save 
low residuals; five others 
and three carburized parts 
are shown in Table XIV. 

In the fuel pump of 
the B.M.W. 801-C, the only 
manganese-chromium steel 
was in the solenoid cam and 
cam shaft, with high C; its 
range of analysis is shown 
in Table XIV. The camshaft 
plate was 2.35% Cr, with 
0.16% Ni, 0.18% Mo, 0.18% 
V, 0.19% Cu, 0.06% Sn. The 
cam plate was 1.82% C, 
0.12% Cr, 0.52% V, no Mo, 








Fig. 10 
Articulated Connecting Rod From Ger- 
man B.M.W. 801-D 2 Aircraft Engine 


Excellent Workmanship 


on 
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0.15% Ni, 0.19% Cu, 0.08 
Sn. The timing shaft a) 
tappet guide were 1.04% | 
0.97% Cr, 0.23 to 0.24% \y 
with low residuals. 

Some ten of the oth; 
alloy steel parts containe 
1.20 to 1.438% Cr, wit 
molybdenum from a tray 
to 0.05%, nickel 0.06 
0.14%, copper 0.12 to 0.21 
tin mostly 0.01 to 0.4 
except for two cases wher 
it ran up to the astonishing 
figure of 0.20%. One plain 
carbon steel had residua\ 
of 0.26% nickel, 0.35% chr 
mium, 0.06% molybdenw 
0.20% copper, 0.01% tin 
both the nickel and chr 
mium being at an unusually 
high level for a non-alloye 
steel. 

One carburized bush- 
ing in a German Bosch fue 
injector carried 0.24% ( 
0.09% Ni, 0.07% Mo. Suc 
cases indicate that recen 
chromium-alloyed scrap 
sometimes mixed with plai! 
carbon scrap, because under 
normal conditions ordinar 
scrap would be higher ip 
nickel than in chromium 
The liner and the guide bar- 
rel were of 1.2% chromiun 
steel, with very low residua 
nickel and 0.05 to 0.06 
molybdenum. 

The counterweight 0 
the crankshaft of the Mer 
cedes Benz DB-60 engine 
was of plain carbon steel 
and carried 0.35% Cr, 0.20° 
Ni, 0.11% Cu, 0.02% Mo an¢ 
0.01% Sn residuals. Th 
pins had 0.24% Cr, 0.16 
Ni, 0.08% Cu, 0.03% M 
0.01% Sn. Cast irons exam 
ined also carried highe! 
residual chromium [thal 
nickel, but both wer 















ig. 11 — Cast, or Only Slightly Forged Crank- 
aft of Nickel-Chromium Steel, 53 In. Long, 
ry German DB 601-E Aircraft Engine 










Vital Engine Parts and Valves 





















an 
% | 
\ More vital parts of German engines are as shown 
Table XV. The crankshaft from a B.M.W. 801-D/2 
‘the frst line) was forged and its bearing throws carbu- 
ineg ed. The articulated rod is shown in Fig. 10. The 
vith is were highly polished and the numbers and inspec- 
rac fgr’s stamp were not pressed in with steel stamps, but 
yt re stamped in ink or lightly acid etched to avoid 
1g ess concentration and favor fatigue life. 
Mo That the master rod was nitrided all over, even 
here ugh not a “nitriding” steel, is probably also to add 
ing ip fatigue life. The British report stated that the master 
lain jin the Bramo Fafnir was nitrided all over. 
uals The use of nickel, chromium, molybdenum and 
an nadium, all together, in the front cam does not argue 
un y extreme shortage at the date of manufacture. 
tin The engine mounting ring of this engine, in a 
ro Mepcke-Wulf 190, was of interest. The British report 






owed the conventional chromium-molybdenum tubing 
German engine mounts, but this one analyzed: C 
17%, P 0.01%, S 0.02%, Si 0.54%, Mn 3.00%, Ni 
6%, Cr 0.06%, Mo 0.02%, Cu 0.21%, Sn 0.07%, Al 

















115%. The mechanical properties were: 
Ce SPECIMEN TENSILE STRENGTH ELONGATION 
ich No. 1 90,000 psi. 15% 
ni 2 90,000 16 
is 3 89,000 17 
iD 4 103,000 16 
ler 5 110,000 15 






The evidence as to scarcity of manganese is con- 
cling. Ordinarily the 2.5% Cr, 0.5% Mo steel pre- 
bminates over the 1% Cr, 1.25% Mn type, yet in this 
gine mount 3% Mn takes the place of the usual 1% 
, 0.25% Mo tubing. High manganese, high sulphur 
el (free machining) is relatively scarce in parts 
here its use would be logical, yet there is no strikingly 










nsistent sign of skimping much on manganese content 






carbon and alloy steels in which it is not used as a 
rengthening alloy. In view of the generally low sul- 
ur, the manganese could often have been reduced. 

Table XV (page 314) also contains analyses of 
brts from a Mercedes Benz DB 601-E engine. This 
ankshaft, shown in Fig. 11, was cast. Its dendritic 









ructure showed no clear evidence of any forging, even 
the end lug through which the counterweights are 
nned and which, in a forging, would have shown 
uch deformation. The microstructure was coarser 
here risers had been attached, and the sulphide inclu- 
ons re the typical rounded ones of a steel casting, 
t the elongated ones of a good forging. This was a 
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beautiful casting. Charpy impact specimens from 
it gave 35 to 40 ft-lb. 

In the British 
crankshafts was made that the early shafts had 


report, comment on early 


normal grain flow for forgings, but that the den- 


dritic structures indicated the use of a small 
ingot, and relatively little deformation. More 


machining (that is to say, forging more oversize 
than would be customary) was also postulated. 
It was noted that transverse properties were simi- 
lar to longitudinal ones. , 

Whether the cast shaft was an experimental 
one, or whether the customary method is to cast 
the shaft somewhat oversize and give it only a 
slight amount of forging in one or two dies rather 
than to break it down from a billet in a succession 
of dies, or whether the forging equipment was 
out of commission when this shaft was made and 
hence the unforged casting was used, is anybody’s 
guess. 

The British report comments on the use of 
very high quality steel castings in important 
under-carriage the 88 
Messerschmitt 109, and the assisted take-off hook 
on the Heinkel III, in which 1% Cr, 0.25° Mo 


steel was consistently used. 


parts on Junkers and 


Engine Valves 


In four quite different types of German air- 
craft spark plugs, of the steel body shells — which 
one would expect always to be made from free 
only one was so made; neither 
The usual 


manganese were 


machining steel 
was the shell of a Jap spark plug. 
nickel-base electrodes with 1.5% 
used in the German plugs, except for the center 


Table XV — Analyses of 


Steels in Vital Engine Parts 


























of 28% ¢ ’ 
steel. The Jap ground electrode had only |; 
manganese, the center electrode was 18° \j 
Cr with a nickel tip. 


electrode one, Which was a hron 


Both the German and 
nickel tips sometimes showed over 1 col 

Sutton** reports that the Germans often, 
an alloy of 70% copper, 30% silver for eleety, 
fuse wire. 

German aircraft valves show the usual 9 
chrome for the intake, and an approximatig, 
the usual T.P.A. composition save for a bit la 
nickel and quite a bit higher silicon in the exhy 
valves. 1% copper was found in one valve; y 
haps Monel scrap provided part of the nie 
The facing the stellite, 
welded-on head (Fig. 12) of an exhaust valve! 
the B.M.W. 801-D engine is a deviation fp 
usual practice, but was noted for this engine 
the British report. The methods of inserting 
sodium filling in the exhaust valves vary. 1 
wear resisting tip is welded on in the Gem 


is conventional 


valves. 

Japanese intake valves from a Sakae rad 
engine were conventional silerome with di 
mium and molybdenum on the high side; 
conventional T.P.A,, 1 
high silicon. The seat facing was conventia 
stellite. On a type 1000, 1450-h.p. radial eng 
made in 1942 and taken from a Sally Mitsubi 


exhaust valves were 


plane, the intake valve was 7% Cr, 5.9° 
instead of the usual silehrome, and the exh 
(instead of being the usual 14% Ni, 14% Cr, 
W austenitic T.P.A. steel) had 11% Cr, 2.25 
2% Mo, with only 0.3% Ni, thus verging m 
toward the composition for the usual intake 


than the usual exhaust valve. 





PART Cc P S SI MN Ni Cr V Mo | Ct SN 
Parts From a B.M.W. 801-D/2 Engine 
Crankshaft 0.18 | 6.01 | 0.01 | 0.24 0.50 | 1.70) 1.62) tr. | 0.14) 0.20 | 0.04 
Counterweight 0.40 |) 0.02 0.03 0.34 0.60) 0.15) 0.19) tr. | 0.05 | 0.15 | 0.03 
Articulated rod 0.42 | 0.02 0.01) 0.27 0.57 | 0.2%) 1.03) tr. | 0.20 | 0.13 | 0.02 
Nitrided master rod 0.30 | 0.01 0.01) 0.22) 0.58 0.21 | 2.25 0.22) 0.36) 0.10 | 0.04 
Front cam, carburized 0.34 0.01 0.01 0.24 0.37) 1.90) 1.56 0.20) 0.26 | 0.18 | 0.04 
Drive gear shaft, carburized 0.29 0.01 0.01 0.23 0.70 0.23 | 2.20) 0.16 | 0.33) 0.13 | 0.04 
Cylinder barrel, normalized 0.40 0.01 0.02) 0.23 0.53 | 0.09) 1.53) tr. | 0.03) 0.13 | 0.04 
Parts From a Mercedes Benz DB 601-E Engine 

Crankshaft (throws carburized) | 0.19 0.01) 0.01) 0.21 | 0.52) 1.61) 1.78 0.15 | 0.15 | 0.03 
Connecting rod fork 0.41 | 0.02 0.02 | 0.24 | 0.79) 0.19 | 1.19 0.20 | 0.25 | 0.03 
Connecting rod blade 0.32 0.02 0.01 | 0.28 | 0.57 | 0.63 | 1.20 0.21 0.18 0.03 
Connecting rod bearing 0.28 | 0.33 | 0.04 1.42 tr. | 0.02.) 0.02 
Wrist pin 0.29 0.02. 0.01 | 0.23 0.63 | 0.25 | 2.23 | 0.17) 0.20) 0.05 | 0.05 
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ns from normal 
. > 2 ? 
re sometimes met. Fig. 13 


the intake valves 


A rticulated C'o nnecting Rod From a Jap Sakae-2]1, 
Highly Polished But With Deeply Stenciled Numbers; Full Size 





chromium plated. 


haust valves, some 


ms forged nearly shut after sodium filling and closure made by 
e stellite tip; and some were plugg 


ide by flash welding a toolsteel tip. 


ed, or forged nearly shut and 











Welded-In Head in Exhaust 
r German B.M.W. 801-D 2 Aircraft 
Sectioned on center; full size view 





Some ingenuity was thus 
shown in fabrication 
methods. 

Jap Engine Parts 
In the examination of a 
Jap Sakae-21 engine 
several examples were 
analyzed and the results 
tabulated in the top part 
of Table XVI. The con- 
necting rod (Fig. 13) is 
interesting in that a vast 
amount ol pains was 
taken to polish it to a 
mirror finish, but num- 
bers were deeply stamped 
with steel stencils; thus, 
a great lack of under- 
standing of the effects of 
stress concentration was 
shown. This is in marked 
contrast with the avoid- 
ance of stamped numbers 
in German practice 

The engine mount 
was made of a number of 
different heats of steel all 
aimed to be the conven- 
tional S.A.E. 4130, and in 
all of which the residuals 
were disregarded. The 
level of residuals in Jap 


scrap may be seen from 





the analyses of parts 
from a Sakae-12 engine 
in the lowel portion ol 


Table XVI (page 316) 











The general high 
level of tin will be noted 
in these analyses, even in the high chromium steel 
of Item D. There is no obvious reason for the high 
aluminum in the steel for Item A, nor for the molyb- 
denum in Item B. The residual nickel and tin in the 
roller bearing race, Item H, shows the use of miscel 
laneous scrap in this important part. Items J and L 
show nickel-chromium-molybdenum steel of high 
nickel content in parts not large enough to need that 
degree of hardenability. Items M, N, and O show 
high nickel and variable chromium in the carburized 


steels. 
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Several Jap ball bearings, all of the conven- 
tional composition used by the Germans and all 
other countries, but with improper heat treat- 
ment, have been found. When quenching and 
tempering it appears as though the Japs were 
heating small articles, en masse and assuming 
that each piece is uniformly heated, and that 
their inspection is inadequate to pick out pieces 
not properly treated. However, outside of certain 
glaring examples, such as the connecting rod with 
the stamped numbers and the ball bearings, their 
workmanship is generally adequate, although 
much more hand work is done than in more 
industrialized countries. 

There is evidence that the Japs are still back 
in the era of high nickel alloy steels. Their alloy 
steel specifications reflect those used in other 
countries prior to the war need for conservation. 
This lack of progress may come from making a 
complete copy, including the exact composition 
of each part, of the first example they acquired. 


Table XVI — Analyses of Steels in Parts of Japanese Aircraft and Engines 



















For example, a magneto copied from an A meric 
design turned out, piece by piece except for | 
magnet, to be just the same compositions as ye 
used in early American models, as well as ey 
copies geometrically. 

In respect to steels, the following conclusin 
seem in accord with the scattered available day 

There is no sign that the Japs have tried: 
conserve alloys in their alloy steel; they » 
lavish in use of nickel and disregard the nick 
content of their scrap, which is very variable } 
averages much higher than in American scry 
The Jap scrap runs consistently high in tin, ex 
as used for highly alloyed heat treated par 
They adhere to what might be termed classi 
old-time specifications and probably are in my 
less flexible condition than the Germans to su} 
stitute one steel for another in case of shorty 
of a particular alloy. They do not make as my 
use of molybdenum as the Germans do—n 
when they use it, do they run it as high. ft 

















NAME C P S MN SI NI Cr | Mo | Cu | SN AL Notes 
| Parts From Sakae-21 Engine 
Nitrided cylinder barrel 0.47 |0.014 |0.027| 0.40 | 0.29 | 0.48 | 1.43 |0.20 ) 0.25 | 0.07 | 0.90 
Push rod ends 0.019 | 0.024) 0.31 | 0.27 | 0.15 | 0.06 |0.018, 0.27 | 0.14 0.08 
Motor mount | 0.32 |0.014/0.021) 0.65 | 0.45 | 0.10 | 1.10 | 0.30 | 0.21 | 0.01 | 0.095) 
Front crankshaft | 0.18 | 0.021 | 0.035) 0.57 | 0.21 | 4.15 | 1.68 |0.17 | 0.34 | 0.05 0.030 
Piston pin | 0.11 | 0.014 | 0.023) 0.57 | 0.17 | 4.50 | 0.86 |0.12 | 0.19 | 0.04 | 0.005) 
Articulated rod 0.25 |0.012 |0.012) 0.55 | 0.24 | 3.38 | 1.39 |0.40 | 0.26 | 0.09 | 0.005 
Impeller shaft | 0.13 | 0.013 0.023| 0.54 | 0.19 | 4.65 | 0.42 | 0.08 | 0.20| 0.03 | 0.03 


| 
| 








A. Clamp from oil tank 0.15 | 0.04 won | 0.31 | 0.16! 0.07 | 0.07! nil | 0.22 | 0.13 (0.16 |Cold rolled bar 
B. Ring washer from oil | | | | | 

tank 0.19 | 0.01 (0.01 0.46 | 0.16 | 0.06 | 0.02 | 0.29 | 0.20 | 0.10 |0.01 |Not heat treat 
C. Bolt from oil tank | 0.48 |0.02 |0.02 | 0.41 | 0.44 | 0.08 | 0.08 / 0.01 | 0.21 | 0.09 | 0.01 | 
D. Throttle shaftfrom | | | | | | | 

four-barrel carburetor | 0.26 |0.03 0.02 | 0.22 1.59 13.60 0.02 | 0.20 | 0.12 | 0.01 | (0.04 % Vv) 
E. Connector shaft from Heat treated 

above 0.27 |0.01 |0.04 | 0.58 | 0.58 | 2.91 | 0.78 | 0.01 | 0.17 | 0.04) tr. Heat treated 
F. Carburized ring sur- | 

rounding outer race of | 

self aligning bearing 0.01 0.01 0.52 | 0.18 | 4.70 | 0.38 |0.07 | 0.16 | 0.02 | tr. 
G. Outer race from above | 1.04 | 0.03 (0.02 | 0.67 | 0.37 | 0.07 | 1.39 | tr. 0.18 | 0.10 | 0.02 
H. Inner race from above | 1.00 (0.03 | 0.02 | 0.24 | 0.37| 0.28 | 1.36 | 0.02 | 0.20 | 0.10 | 0.02 
I. Long studs in gear | | | | | 

oil pump 0.33 |0.01 |0.03 | 0.47/ 0.38 | 0.05) tr. | tr. | 0.19] 0.09 | tr. 
J. Short studs from above | 0.29 |0.01 | — | 0.45 | 0.24 | 3.13 | 1.27 | 0.09 | 0.22 | 0.05 bee Heat treated 
K. Check valve | 0.31 |0.01 | 0.54 | 0.33 | 0.07 | 0.07 | 0.02 | 0.09} tr. |0.01 | (0.08% W) 

| Cold rolled! 

L. Another check valve 0.33 |0.03 0.55 | 0.23 | 2.80 | 1.01 | 0.10 | 0.20 | 0.09 |0.02 | Heat treated 
M. Long gear shaft 0.20 |0.04 | — | 0.46 0.23 | 4.69 | 0.39 | 0.04 | 0.19 | 0.04 (0.02 |Carburized 
N. Shorter gear shaft 0.17 | 0.02 0.02 | 0.52 | 0.18 | 3.11 | 0.69 0.17 0.16 | 0.05 | 0.01 Carburiz d 
O. Gear | 0.11 |0.01 (0.03 | 0.36 | 0.31 | 4.43 | 0.22 | 0.04 | 0.21 | 0.04 |0.01 |Carburiz d 


Parts From Sakae-12 and Other Engines | 
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‘rman practice of using very high chro- 


ne 
ium in constructional, heat treated steels is not 
mn y followed in Japan. Conversely, the 
pt aluminum in such steels is not fol- 
vel Germany. 
Non-Ferrous Alloys 

fhe sticking to conventional alloys extends 
rough the copper-base and aluminum-base 
lovs. Seldom is a composition used by the Japs 


at is not covered by an old German, English, or 
nerican specification. There seems to be a gen- 
al tendency to worship strength, without much 
gard to the ease of machining, or to the 
creased propensity toward notch propagation, 
to other factors which lead engineers in other 
untries to compromise on strength in order to 
in machinability or toughness. 

Their bronze bearings are harder than com- 
rable ones in other countries. 

They have used — though apparently only to 
small extent—a high strength heat treated 
rought aluminum alloy containing zinc, based 
b the 20-year-old German “Constructal” family 
alloys, despite known difficulties in production 
hd fabrication, and the drawbacks of stress cor- 
sion and a lack of toughness under certain 
ess conditions. Sutton** reports this alloy, in 

extruded spar of the O.S.S.F. “Zeke”, to con- 


tain 2.13% Cu, 0.28% Si, 0.55% Mn, 1.12% Mg, 
0.28% Fe, 7.90% Zn, and to show 64,000 to 69,500 
psi. tensile strength, 62,000 to 67,000 psi. yield at 
0.2% elongation, 13% elongation in 2 in. Its yield 
strength is appreciably higher than that of the 
4% Cu, 1.1% Mn, 1.1% Mg extruded spars in five 
different German planes examined by Suttcn. 
A 10% silicon alloy containing nearly 0.50% 
cobalt has also been found in Japanese equip- 
ment. The use of cobalt was obviously adopted 
from European practice. 

As is evidenced by recent articles by Bren- 
ner'S and by Petri, Siebel, and Voss Kiuhle,'® the 
Germans are discussing alloys of this type, but 
are pulling emphasis on zine as a substitute for 
copper in the strong aluminum alloys as a con- 
servation measure rather than for added physical 
properties. 

Both Japs and Germans make some use of 
the clad aluminum alloys in which the corrosion- 
resistant surface overlying the strong core is not 
always pure aluminum, as in Alclad, but is some- 
times alloyed to give a trifle more strength. The 
Japs seem more willing to use unclad alloys and 
to omit anodizing than do engineers in other 
countries. 

Outside of the permanent magnet alloys, few 
metallurgical innovations have come out of Japan 
in the past and, so far, there is little sign that war 
activity has led them to new ones. They seem 








Crankcase Cast From Modified Aluminum-Silicon Alloy (German DB 601-E Aircraft Engine) 
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to have stockpiled copper, nickel and other alloy- 
ing metals to such a degree that they have felt 
able to use conventional, lavishly alloyed steels 
and non-ferrous alloys without making the slight- 
est effort toward conservation and substitution in 
armament and aircraft. Indeed, in one Jap engine, 
the of 


manganese bronze! 


crankshaft counterweights were forged 

Germans, on the contrary, are exercising 
extreme conservation of copper (for example, in 
certain spark plugs the customary copper gasket 
is replaced by soft iron) and marked economy in 
use of nickel, although they still adhere to the 
high nickel “Krupp” analyses for some important 
carburized parts, and still use a fair amount of 


nickel for depth hardening in certain guns 


they think twice before using a gram < 
if it can reasonably be avoided. Cuttin, 
last pound of their nickel imports might 
their style quite a bit. They are obviously 
ous of conserving molybdenum, but not 
ago they must still have had a large s\ 
since they have often used 0.50% of this 
in an alloy when American practice wou! 
sider 0.25% 
The Germans are quite willing to for 


ample. 


specifications and judge a material on pi 


and performance rather than chemical c 


tion. Their high strength, copper-base a! 


\ 
OVS 


the manganese bronze and aluminum bi 


types 





Fig. 15 


Cylinder Head and Barrel for German 
B.M.W. 801-D/2 Aircraft Engine, Used As-Cast 


From Aluminum-Magnesium-Silicon Alloy 


according to what 


anybody's formal 
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the moment, and do not 


are hybrids, cone 
the y 
available to put into ther 


do have entirely adeq 


properties. 
are a bit shocking to 


ol 


regard 


usable-——-has already 
commented upon. 


Other deviations 


camshaft 
of 


engine 


where instead the 


in an 
Sn, 0.25 


bearing; also 
6.5% Al, 2.5% 
0.15% 
which was used for t! 
shaft bearing in a M 
Benz DB 601-E:; and i: 
surprising alloy of al 
with 5‘ 
the air clutch bea! 
bearing 


in 
the 
Jumo 


camshaft 


211-B German 
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line materials engineer 
brittleness 


copper-base alloys, cast 


r 


an 


conventional tests in the 


us 


Some of their innovat 


I 


} 


speci 


tions as to composition, | 


of powdered iron driv 
bands and cast tungsten 
bide bullet cores when s 
ice tests show the mate! 


f1 


was used in a piston pin s! 
alloy 


al 


i 


) 


) 
i 


iron which was 


iT 


one forging made of this 


usual practice are in aire 
bearing 


\ 


Si, balance magnes 





. 


Ae ie 


ee 





, ed for the fuel injection pump case). ance magnesium. Such alloys are known to hold 
y CE | g properties of these light alloys are their strength at elevated temperatures. This forg- 
usual tests, and their bearing applica- ing had a Brinell hardness of about 80 at room 
1S lefinitely limited; but whether to save temperature, and held up to about 45 Brinell at 
: 7 » save a kilogram of weight, the sub- 100° F., at which other magnesium alloys would 
" ut vas made, evidently in the belief that have become too soft and weak. Sutton** found 
pe h r lubrication camshaft bearing service the aluminum supercharger impeller of a B.M.W. 
n » | | from highly unconventional bearings. S01-A to be alloyed with 1.5 manganese and 
ys nese, in copying the German DB-601 15° cerium, and it had the relatively poor prop- 
; Japanese Aichi), maintain the magne- erties of 37,000-psi. tensile strength, 3 to 8' elon 
i nshaft bearing. gation (the duralumin impeller of the D13 601-A 
“7 : {nother case of German deviation from the gave 60,000-psi. tensile strength). He suggests 
: ‘ was in the Mercedes Benz DB 601-E that the magnesium-manganese-cerium alloy was 
| _ shown in Fig. 14. This was a won- used because of its ease of forging. 
fi sound and perfect casting, representing Schmidt*! comments that the compositions 
; Ms hichest state of the aluminum founder's art. of German magnesium alloys are quite similar to 
Ds va ide of an aluminum-silicon alloy with a those of American alloys, but that in the case of 
: ae. controlled addition of magnesium, and sand and die castings, usually heat treated here, 
| pi! with sodium. The analysis was 9.5 Si, the Germans normally omit heat treatment. 
‘ ™ Me, 0.40% Fe, 0.039 Na, balance alumi- Sutton? comments that some castings are used as 
i” r n. Specimens 0.505 in. diameter cut from the cast, others are heat treated. Such observation 
| meting showed 38,000 psi. tensile, nearly 32,000 raises the question whether heat treatment really 
+ _vield, 3% elongation, 442° reduction of area, makes the castings more serviceable and whether 
' 194 Vickers Brinell. This 
By and its heat treatment 





e been described by Sachs.*' 
Che freedom from crack- 
in this very complicated 

ting, the evident easy cast- 

lity of the alloy, combined 

h the very good properties 

the actual casting, as well 


-omapea-: 


its freedom from porosity, 


- @einks, and other foundry 
. t ubles, make this an out- 
nding example. The Japa- 
1 e in their copy of the DB 
1 did not do so well and 

P ? bduced a casting with much 
osity. Good aluminum 

- . practice is usual in 
‘a ' man products. The cylin- 
me head in Fig. 15 for the 

| I I.W. 801-D/2 engine cast 
‘a oo Mg, 1% Si, balance 
, 4a m 1 alloy, was notably 
i from porosity or casting 
™ { eC his was used in the 


= ndition. 





mewhat rare alloy 
the B.M.W. 801-D/2 
the Focke-Wulf 190 


I 2g 








tl] nt cam follower 

' rging weighing Fig. 16 — Cam Follower Guide on B.M.W. 801-D/2 Engine, 
and shown in Fig. 16.5 In. Diameter, Weighing 8 Lb., and Forged of Magne- 
contained 5.5‘ sium Alloy Containing 15° Manganese and 5.5°~ Cerium 


manganese, bal- 
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METALLURGICAL 


STUDY OF ENEMY ORDNAN 





we, too, might in some cases do without heat 
treatment and so avoid one rather expensive 


processing operation. 


So far, the real leads from Japanese metal- 
lurgical practice have been very few, and their 
The German metallurgical inno- 
vations are more numerous, and, while perhaps 
more often dictated by scarcity than by a search 
for something of better engineering effectiveness, 
they deserve careful consideration. 

While the Germans do not appear to have 
grasped or utilized to the degree attained in 
America the concept that hardenability is the 
vital thing in heat treatment and that the par- 


value doubtful. 
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The predictable, minimum distortion 
characterizing molybdenum carburizing 
steels helps reduce the cost of 
producing precision parts 


MOLYBDIC OXIDE, BRIQUETTED OR CANNED « 


FURNISHES AUTHORITATIVE ENGINEERING 
FERROMOLYBDENUM«+”“CALCIUM MOLYBDATE” 


ON MOLYBDENUM APPLICATIONS. 
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PERSONALS 





W. K. Hunt @ has left the Rey- 
nolds Metals Co. in Louisville, and 
is now employed as research metal- 
lurgist with Deere & Co., Moline, III. 


ALBERT M. TayLtor @ has been 
appointed the 
two plants of Arcos Corp., Phila- 
delphia. 


superintendent of 


Lr. Cot. M. L. BeEGeEMan @ has 
been on duty in the Ord- 
nance Department at the South- 
western Proving Ground at Hope, 
Ark., and has now returned to Uni- 
Texas to his 
professor of 


active 


versity of resume 


former duties as 
mechanical engineering and super- 
intendent of the engineering shop 
laboratories. 


E. E. Mvuevier @, formerly with 
the Carpenter Steel Co., is now as- 
sociated with the Ziv Steel & Wire 
Co.’s sales department, Chicago. 





Specialists in high alloy castings are 


here at Scottdale ... with twenty odd 
years experience in the selection of the 
alloying elements and production of 
sound castings .. . and modern facilities 
to produce chrome-iron and chrome- 
nickel castings. 


If your equipment is operating under 
difficult conditions of corrosion, high 
temperatures and abrasion, investigate 
the use of chrome-iron or chrome-nickel 
castings to meet these conditions. For 


tubular products requiring a denser, 
stronger, more uniform metal, consider 
the use of DURASPUN CENTRIFU- 
GAL CASTINGS. 


We can produce castings in any size 
from a pound or so up to four tons in 
weight, with the correct proportion of 
alloying elements. Consult us on your 
requirements. Our metallurgists may 
be able to render valuable advice that 
will help to solve your problem. 


THE DURALOY COMPANY 


Office and Plant: Scottdale, Pa. 


Eastern Office: 12 East 4ist St., New York 17, N. Y¥. 


Los Angeles: 
Kilsby & Graham 


Chicago & Detroit: 
F. B. Cornell & Associates 


Metal Goods Corp.: St. Louis—Houston—Dallas—Tulsa—New Orleans—Kansas City 


2-DU-2 
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tustless Iron & St L Cony 
Baltimore announces that they 
metallurgical rey 
and departments 
expanded so much in the | 
rganiy 
arch 
nder | 
Feitp @ as director, with p 
sibility for details of the 
divided between Caru A, Za» 
(who joined the staff from Ry 
Memorial Institute over a yea 
and F, KENNETH BLOooM @ 
many years senior metallurgig 
the corporation. Both Mr, 
and Mr. Bloom have the tit 
director. 


ities of its 
chemical 


years as to warrant its 
as an independent re 


sion. It will continue 


assistant GILBEY 
KLINGEL, formerly a technicis 
the production laboratory, has 
promoted to administrative 
ant to the director of the reg 
division. 

JAMES R. HEISING @ is now 
allurgical research engineer a 
telle Memorial Institute, Colu 
Ohio. 


W. M. Barr ©&, chemical 
metallurgical engineer of the] 
Pacific Railroad, has been pro 
to the post of research and 
ards consultant for the road, 


J. HASBROUCK WILSON @ is 
affiliated with Engineering De 
consulting ¢ 


ment Associates, 


neers, Los Angeles. 


Transferred by Kennametal 
of Latrobe, Pa.: Bennett Bur 
Jn. &, from representative ati 
ford, Ill, to district 
charge of the Detroit office. 


Jay C. Kine @, 
treater for Twin City Steel Tr 
Co., Minneapolis, is now in @ 
of the heat treating departm 
the Naval Air Station, Seattle,’ 


manag 


formerly 


Grorce E. RirrennHouse § 


merly connected with Pe 
Frasse Co., has been appoint 
manager for A. R. Purdy C 


New York City. 


J. Hunter Neap @, for 
chief metallurgist, has bee! 
manager of the newly cons 
metallurgical and _ inspec! 
partment of Inland Stee! © 
MartTIN and T. S. WAsHI 
serve as assistant managers 
S. Marsuo © will continue 
special metallurgical ad vis 
consulting capacity. 


nn @ 





tt 


4H 
R 


>i 





IS picture shows copper being rolled by 
evere. It comes from between the final 


na glistening sheet, true to gauge, and is 


ered in the correct temper as specified, 


» accurate dimensions. We have been roll- 


»pper for 144 years, and being the oldest 

working firm in the country, know how 
t right. 

lay, Revere sheet copper goes to war. It 
tal metal, available from Revere or its 
itors only on authorized C.M.P. orders. 
e day, and we hope soon, it will go to 
uin for civilian metal work, for such 
as roofing, flashing, gutters and down- 
tanks, ducts, and all the thousand and 
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one things for which copper is preferred be- 
cause it is so easily cut, formed, riveted, soldered. 
In most applications it is so long-lasting as 
to be permanent. 

When the day of reconversion comes, Revere 
will have no problems in its copper mills. We 
and Revere distributors in all parts of the 


country will supply you freely. 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
Executive Offices: 230 Park Ave., New York 17, N.Y, 
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ing Co. and as vice-president of the chief Metallurgist for Ajax 
Cincinnati Mine Machinery Co., and Co., Philadelphia. ) 
P E RS 5 O N A L S is now devoting his full time to 
Salkover Metal Processing, 2 com- 
pany he organized in 1941. 


JAMES C. HARTLEY @, fom 
chief metallurgist at Aly 
Forgings, Inc., Erie, Pa., has, 





STANLEY L. Lopata @, north New appointed director of resears 
Transferred by Revere Copper Jersey representative of the Duriron Heppenstall Co., Pittsburgh, | 
and Brass, Inc.: R. C. Datzet. &, Co., has organized the Stanley L. : — 

; . ‘ Masyor ELtTon E. Srapues 4 
from supervisor of methods, Mich- Lopata Co., to represent the Duriron ; his f ¥ 
; aia ; : ‘ eave from his former positip 
igan Division, Detroit, to manager Co., the Atlas Mineral Products Co., Chi ; istrict 

sg nee ‘ . thicago district manag ' 
of Ordnance Division, Chicago. and the Pressed Steel Co. a ; ; ee 
Duty Electric Co., has be 
N. M. SALKOVER @ has resigned A. R. STARGARDTER @, formerly overseas on a special missi 
as vice-president and general man- chief metallurgist for Eastern Stain- ‘ —— 
om ' ‘ R : Transferred by E. F. Hoy 
ager of the Queen City Steel Treat- less Steel Corp., Baltimore, is now 


& Co.: Howarp J. Fterc 
from sales representative 
Chicago district to the India 
office. 





Haro_p Fisu @, secretar 
treasurer, has sold out the by 
of the Ready Tool Co., Bridg 
Conn., to United Tool & Die 
Hartford, and is retiring fro: 


business. 


W. F. Cuuss ©, fi 
London, currently director 
ratories at the Turkish I: 
Steel Works, Karabuk, Turk 
been invited to occupy th 
created Chair of Metallurgy 
bul University, Istanbul, 7 





Three 15,000 CFH Kemp Atmos-Gas Producers for a Leading Steel Mill JouN HANSEN @, has re 


from Simonds Saw and Steel 


Speetfy “The Kemp Atmos-Gas Producer Lockport, N. Y., to accept a po 


as metallurgist at the Atha \ 


for Controlled Metallurgical Atmospheres” onetinn Spel Se. at Ania 


The Kemp Atmos-Gas Producer is available in Standard sizes ranging 5, & Cee 
from 1,000 to 50,000 CFH. Combusting ordinary fuel gases, one basic assistant to the vice-pres 
design (with suitable modifications) provides a proper, variable and Netiens’ Tube Co. Gary, & 
controlled atmosphere for such diverse heat-treating operations as: now vice-president and ¢ 
manager of the Universal Fil 
HIGH CARBON AND STEELS BRASS & Scaffolding Co., Zelienople,! 
ALLOY STEELS Annealing — enpeeing 
Bright annealing urnace brazing , an wil 
er li Tempering and hardening Silver soldering Wil _ ISL no has =. 
right annealing Gas carburizing from the firm of Fay, Golrich 
Bright hardening Furnace brazing COPPER ton and Isler and has opene 
Tempering and hardening Short cycle hardening Bright annealing a ey ite ae 
Reduction and sintering Reduction and sintering Furnace brazing ase, Os \ ee ew * F 
Normalizin Normalizin Silver soldering trademark and copyright |W 
g g 


Cleveland. 


Ask for Bulletin 101.14 F. E. Garriott @, fors 


OTHER KEMP PRODUCTS superintendent of the A 0. § 
Corp., Houston Works Wel 


Inert Gas Producers 
Plant, is now development m 


Adsorptive Dryers for Air and Gas 


The Industrial Carburetor for premixing gases of the Ampco-Trode Divisi 

Address The C. M. Immersion Heaters Ampco Metals, Inc., Milwaukee 

Kemp Mfg. Co. 405 E. Submerged Combustion Burners : . on 
Oliver St., Baltimore- A complete line of Industrial Burners, and Fire Checks Lr. Cot. JaMes C. 5S — 

until recently in charge o Air! 


2, Maryland =e AE itt 7 
Officer Training in Engineer 


Communications at Yale Univ 


K E M P ae ¥ B A L T I M 0 R has been assigned to duty in 


ington, D. C. 
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A. Di Grutio @ has opened an J. O. ALMEN @, head of ny; 
office as consulting chemical and ical engineering depart 
P E R ~ O N A # S metallurgical engineer in Detroit. eral Motors Research Labo; 

FrepDERICK S. BLACKALL, Jr. &, ane been warden me Manly | 

; Rie : : rial Medal by the Soci 
president of Taft-Pierce Mfg. Co., 
Woonsocket, R. L., has been elected 

Kennet H. J. Crarke &, for- president of the New England 
merly general executive assistant 








motive Engineers for | 
increasing the working 
: metals and engine part 
Council. 
to the metals controller, Department , = : 
: ee i , 4 — J a Epwarp C. Stick §& | 
of Munitions and Supply, and G. E. Wittey &, formerly re- 
oe . ae aaal <a Bethlehem Steel Co., 
deputy administrator, non-ferrous search metallurgist with Ontario 
3 : ; ; . ‘ . , a ; Plant, to become metal! 
metals (primary), Wartime Prices Research Foundation, Toronto, 1s 
and Trade Board, both of Ottawa, 
Canada, has joined the staff of G. C. 
Bateman, the Canadian deputy 
member of the Combined Produc- 


the Sylvania Electric Pr 


now metallurgist with N. Slater Co., 
Bayside, L. I., N. Y. 


Ltd., Hamilton, Ont. 


Freperick G. SEFING &,! 


Ronert L. Sweer &, formerly 
metallurgist, International 


Co... New York, has ace 
invitation to present the 
\.F.A. annual exchange | 


, ’ in the department of chemical en- 
tion and Resources Board, Wash- ! heciasmingear Bs : 

: _ . . gineering, Michigan State College, 
ington, D. C., in connection with 

, = East Lansing, is now with the 
the metals and minerals activities ; é 

f that board Chrysler Corp. in Detroit as metal ; 
= oe lurgist the 1945 meeting of the | 

E. L. Mitrorp @, formerly with British Foundrymen. 

G. S. Rogers Co., has been appointed 
by American Gas Furnace Co. of 
Elizabeth, N. J., to head the Chicago 


T. M. Notan @ has been trans 
. _ 2 « > t 
ferred to the Ordnance Division ol Birncer L. JOHNSON, 


Bell Aircraft Corp. as quality man- merly with General Elect 


pen ager. now chief metallurgist 
search division of the M 
Joun W. Barnet @ has left the Wituis T. Cramer @&, formerly Corp., Plainfield, N. J. 
Foreign Division of WPB to be works metallurgist, American Steel 
of and Wire Co., Cuyahoga Works, RicHarp J. PHILLIps & 
of has been named assistant director director of training for Bu 
Ordnance District, Birmi 


metal specialist in the Office 
Economic Affairs, Department 
State. of research. 
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/ FOR METAL POWDER PARTS 


Many installations of 7 & Completely ne 
as many as 25 ma- . 


Ww ¢ = > ; 
on ) Patented design features 
, perm 2 : 
permit the manufacture of odd shapes of 
‘ sO 
d, cored holes, 
Ss a -, . ~ . 
, nd various sectional thickn 
micrometer accuracy. The 


chines in a single plant 
prove the superiority Parts with complicate 
of Kux presses. ing lug Protrud- 
esses to 
forme 

rmed pieces are 


ds of i 
of uP to 25 Pieces a minute 


ins ' 
nie uniform structural density throughout 
-ompletely automatic j ion ing 
a U x iN Operation and a 
. ) pplying 
ACHINE ee 50 tons total pressure, Model No Me 
‘1 
produce parts up to 5“ maximum diamet 
M : ter 
COMPANY nd has a powder cell, or die fill of 514" 
wri . 
TE TO DEPT. wP FOR CATALOG or DEMONSTRATION 


made at Spee 


3924-44 W. HARRISON ST. 
CHICAGO 24, ILL. 
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DOUBLE DUTY! 


ash Welding and Annealing in One Operation 





D 
A 
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{ 
{ 
' Mallory Flash Welding Dies serve a dual 
' purpose. Band saw blades are welded and the 
SI joint is annealed in this we'der 
a 
* ww 





\ THEN the ends of a band saw are welded to make it endless, conventional flash 
welding is not adequate. The high carbon steel of the welded joint cools too 
rapidly from its flash temperature . . . becomes brittle and unserviceable. 


This problem is surprisingly easy to solve. A second pulse of current is passed through 
the welded joint. This re sheats the weld area to anne aling temperature and restores 
the steel’s ductility. 


Mallory Flash Welding Dies are used in this dual welding-annealing operation that 
makes band saws endless. Combining excellent electrical conductivity with hardness, 
toughness and wear resistance, these Mallory dies are good for many thousands of 
sound welds . . . with minimum down time for dressing. 


Mallory metallurgists and welding engineers have developed special electrode mate- 
rials .. . Elkaloy A*, Elkonite*, Mallory 3* Metal and other alloys for Mallory spot 


welding tips and holde ‘rs, seam welding whee ‘Is, and dies for flash. butt and projection 





welding. Consult Mallory for the resistance welding electrodes you need, 


Write us today if you don’t have the latest Mallory electrode catalog and 
the new Mallory Resistance Wel ling Data Book. Free to users of resist- 


ance welding, when requested on company letterhead. Price to students, j 
libraries and educational institutions: $2.50 per copy, postpaid. Board , 
Y 
. 


* covers, 84" x is”. 160 pages. 
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CENTRIFUGAL 
STEEL CASTINGS 





(Continued from page 277) 
tion. It is considerably lower 
in alloying elements (and _ hard- 
ness), and is more coarsely colum- 
nar than the outer zone. During 
the later stages of tumbling equi- 
axed crystals form and give rise to 
the third or inner zone. Low mold 
speed, fast pouring, and high cast- 


ing temperature favor the forma- 
tion of Type I structure. 

Type III structure is character- 
ized by highly segregated circum- 
ferential bands, essentially due to 
vibration of the mold and molten 
metal at high rotational speeds. 
Low casting temperature and rapid 
pouring are also concomitant fac- 
tors of importance. 

Type II structure is most desir- 
able; with the exception of “peri- 
odicity” near the outer rim, 
segregated bands are absent, and 
hardness is much more uniform. 
The crystal structure, as shown by 
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tially lowered tool overhead. 


SUPERIOR’’ 


synonymous 


a 


H. BOKER & CO., Inc. 
101 DUANE ST. 


Vetal Progress; Page 328 





macro-etching, is general) 
uniform, usually having chil 
tals at the outside, they 
equi-axed crystals, then larg 
columnar crystals, and final) 
equi-axed crystals up to th 
of the cylinder. Conditions; 
ing Type II are freedo: from: 
tion, high casting temperaty 
slow pouring. In it solidi. 
proceeds normally, free frog 


b] 


nounced chemical segregatig 

The fact that the outer eq) 
crystals are normally incline 
small angle to the radiys 
cylinder is nol to be explaiy 
a “drag” effect, since the ;; 
tion is in the direction of ry 
of the mold. In centrifugal 
the liquid would normally bey 
ing at a slower rate than th 
so its motion relative to th 
is in the reverse direction 
it is known that columnar gy 
slope in the direction from 
a fresh supply of liquid 
approaches, the columnar q 
in a centrifugal casting should 
toward the approaching: 
that is, slope toward the dir 
in which the mold is rotatix 

Radial cracks were obse 
some of the castings, and it 
appear that they are assoc 
with high mold speed and 
pouring. (At very low po 
rates, no cracks occurred é 
the highest mold speeds ande¢ 
temperatures.) It seems that 
cracks form in the early sti 
solidification when the cent 
force of the liquid portion § 
the thin shell sufficiently hig 
crack it, after it has contr 
away from the mold and thu 
its external support. Cire 
ential cracks occurred only 
pouring very slowly at lov 
perature, conditions which 
lapping and cracks near thea 

In summary, the most inj 
individual factor appears to 
rotational speed of the mold 
speeds result in “splashing” 
delayec pick-up, and a segt 
structure (Type 1). Vibratio 
be avoided. Experiments 
vibrated non-rotated ingots 
produced sharply segre 
streaks, so the bad effects of 
tion are not peculiar to th 
trifugal casting process, nor 
steel or alloy being cast. Th 
ence of mold speed is modilt 
rate of pouring and casting ® 
ature. High temperature int 
the size of the primary ™ 
and increases the solidifie 
time, thus favoring Type ! 
ture. Rapid pouring does the 
for the same reason. 





